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ne  complete  round  level  of  detail,  statistically  valid  cost  estimating 
relationships  (CER's)  for  Independent  parametric  cost  estimates  cf  aamunltion 
Investiert  costs  have  been  difficult  to  construct.  The  lonn  life  span  of 
amount  tier,  items  reduces  the  number  and  ranoe  of  data  points  available  for  a qlven 
weapon  system  class  (e.Q.,  tank  main  armament).  Io  counter  this  probler,  a 
re'p a«ch  project  has  been  undertaken  to  relate  physical  round  perforwr.ee  to 
component  cost  (primers,  propellants,  projectiles,  etc.).  The  report  for  aediu*-bore 
automatic  quo  ammunition  represents  the  first  of  three  reports  resulting  f m-  tnls 
project.  Tms  report  demonstrates  how  component- level  CER's  and  cost  -..-eis  car. 
be  used  to  Independently  estimate  ammunition  Investment  costs  with  much  greater 
statistical  validity  than  has  been  obtained  with  past  approaches. 
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Preparation  of  inde|>endent  parametric  c*»«t  estimates  1 1 im  i ior 
*r  •»»  Iwvn  .hlfuull  o.  , 

' i "0mahU'1  »‘Wl«KC  Will.  .Miwlwlrm  owl 

vt  » ‘ M ,c?m,n»:  «*"*  assirju ions.  I»  compound  t!,o  difficult*-, 

^ » «n!  °f  tf°>1  estimating  icl.itionsl.ips  (OHM  has 

^ n?r  COnrincJ  *?  a!rro“  Ki;kN  of  components  or  ur,,|ete 

. . lthC’4P  "JrrOW  lvUKls  »***  Caused  loss  Ol  .Lit. I joint'.  ;jj|J 

a reduction  in  the  statistical  quality  of  the  results,  ;,s  veil  is  a 
I. mitat ior,  ol  the  rinse  of  usage.  This  tv. r row  focus  was  the  natural 
.esult  of  1 1«‘  past  emphasis  gncit  to  est  irv.t  in«  costs  for  pecific 
we.i|Km  svstms  as  they  reached  critical  decs, on  milestones rather  than 
p ami  my  broad  based,  long  range  studies  which  addressed  niltiple  sv<tems 
with  run v potent  i;il  .irmvnttun  uses. 

lo  correct  this  problem,  rx>  amunition  cost  research  protect  was 

I'r'X  ln  rv'r'r"  l)!T^tnrAXv  nf  ,hc  °rr»«*  ofPtnc  Controller 
^ H ?,  An-Il>'<,!'  njrectorate  charged  the  Amv  Liferiel 

tirrvindfVl.)  with  the  respons,ht  | ,tv  for  this  s|IMJv  on  JO  ‘tir  In 

| !In?^'V  ;,ss,‘'’ncd  th4>  task  to  the  tost  Analysis  Division,  Headquarters. 

US  \rm>  Amanent  (arrund  (Ak'liMi  on  I Apr  “S. 

H.  tJTdJlXJ.  ,vrj«lVJ! 

. l**n>oso  Ol  this  study  IS  to  develop  investment  cost -est  ir.it  inc 

tools  lor  .inrioiition  which  Will  facilitate  indcj indent  cost  estiaitc-.. 

It  is  not  intended  fiat  the  results  of  the  study  he  used  for  current 
procurement  actions,  the  stujy  is  to  suj>|,ort  decision  raking  carle 
in  the  acquisition  phase,  the  .level oped  tools  arc  expected  to  feature 

*!£•'  nr,,'°t,>  to  predict  .imuni  t ion  costs  from  phvsical 

|>c.  fomime  characteristics.  Ihese  tools,  regardless  of  form,  must  K- 
applicable  to  prevalent  tyjies  .and  calibers  of  amunition  produced  at 

Progmin  quint  it  ics  so  that  wide  ranges  of  amunition  proposals 
• in  r>c  iruiti\l  c.isilv  ;uk!  ifklcpcnJcn?  I v. 

because  of  the  lack  of  success  structuring  OK’s  at  the  total 
r«Hind  level,  the  imwiition  cost  research  study  has  !wcn  conducted  at 

! l Vl.  of  Ros,,lts  of  the  component  Ci.R’s  can  he 

simed  to  obtain  tin1  total  progr.n  cost  for  .amunition. 

Priority  was  given  to  the  use  of  Iwird  procurement  .Lata.  T»ie  data 
w.|ie  selectixl  because  they  represent  actual  procurement  practices.  Data 
: '’>  ],ruc  analysts  as  being  unsuitable  for  procurement  uses  were 

cxclua-d.  n*c  exclusions  were  made  prior  to  the  beginning  of  the  co<t- 
research  project  m a completely  indc-j>endont  action.  Mien  Ivird  procure* 
rent  dat.1  were  not  available  because  of  the  obsolescence  of  an  arrmmit  ion 
?l'n*  *' l°r- .?st  ,rv,tc  was  obtained  from  the  responsible  engineering 
agency  to  fill  out  the  indq>endcnt  variable  continutn. 
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A st.itl<t icnl  analysis.*  was  perform'd  using  the  Stanford  University 
1 iumoJtc.il  Computer  I'rogrsin  to  develop  the  CTR's.  The  teaming  analysis, 
or  cost  improvement  curve  analysis,  was  pcrfomoJ  using  the  Missile 

4— 

Cornu  id  •MlOfl)  approach  to  calculat  ing  the  unit  learning  curve.  Of 
major  imjnrtance  in  the*  learning  analyst*  arc  the  issues  of  level  off 
cost,  mil  the  impacts  of  breaks  and  rate  dunces  in  production  output. 

* 4 

1 - 

Ihe  study  will  In*  i s|k-J  in  three  vo lines.  Vol-mc  1 covers 

nediin  horv  aatom.it ic  caiman  mnution  (2om  (*nm);  voline  II  will  cover 
artillery1  .irrunition  which  includes  tank  rvun  arruinent,  field  artillery. 

. 

4 • 

i 

mortars,  and  recoil  less*  rifle  .mini  ion;  and  voline  III  will  cover 
snail  arm  amunitton  (less  than  2'vn) . 
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Mule  the  Cost  Xiulvsis  Division,  l>J*  AKM!*/!  |»erfomed  a central 
role  in  ilata  collection  and  study  coordination*  conplction  of  tire  project 
would  not  have  heen  possible  without  tl»e  surest  ions  and  assistance 
provided  by  llj,  AHMX*I  Direc  torates  of  Research*  Dcvelojncnt . and 
1 ngineering;  Drocurcncnt  and  Product  ion;  totality  Assurance;  Materiel 
Minageneni;  'liintenancc;  and  rransportat  ion  ;ind  Iraffic  Management. 

• » 

« 

w,  m . 

• 

Special  estimating  and  data  collection  efforts  were  provided  by  the 
employees  at  Irankford  and  Pleat inny  Arsenals  to  fulfill  the  broad  «copc 
of  stiwly.  Assistance  was  also  readily  provided  by  the  project  nanager 
for  Production  Rase  Mrwlem  iration  in  the  area  of  industrial  production 
f.icil  it  »cs  costs. 

Valuable  data  and  advice  were  received  Iron  hoth  the  Dcparmcnt  of 
the  Air  lorce  and  the  Department  of  the  \avv. 

• 

« 

<N 

Several  project  tern  members  outside  the  Cost  Analysis  Division 
assisted  and  advised  the  project  principles,  dolw  McAloon,  Melvin 
Pnicker,  Capt.  dolin  Mcl<atn*.lil  in,  Alvis  Taylor*  Duane  dolwson,  ;ind  Robert 
Hilson  1 ron  AlCtJF!  functional  directorates  were  invaluahle  sources  of 
infom.it  ion.  Kenneth  Kuhin  o!  Dicat  inny  Arsenal  ;md  Idward  Dougherty  of 
I rank ford  Xrsenal  deserve  spec  i lie  recognition.  Iron  the  office  of  the 
Project  ‘Imager  for  Haiit  ions  Product  ion  Rase  Modernisation  and  expansion* 
iTnrles  CarriganN  efforts  are  appreciated. 

_ . 
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lion  the-  AKMJT1  (tonptrol ler*s  Office  do  1 lien  McClure  deserves 
special  recognition  for  her  assistance  in  statistical  analysis.  Also, 
recognition  is  due  to  Catherine  Cooney*,  witlmut  wfiose  perseverance 
and  editorial  abilities  this  project  would  have  suffered.  And*  finally* 
Rebecca  Rcnnctt*  Martha  Clark*  .ml  Irene  PeClercq  are  commended  for  their 
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cooperation  and  their  skillful  typing  and  diligence. 
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A.  (3M  UAI.  i:STIH\TIM»:  MnHjUWXinS 

The  primary  nj-proach  proj*o;cd  by  this  study  lor  developing  imc-tnciit 
cost  IIM's  is  mathematical  modeling  aeJ  CIK's.  Hie  study  results 
successfully  demonstrate  that  conponcnt  level  development  of  cost  model- 
:inJ  OK’s  should  l*e  used  rather  than  attempting  to  prepare  such  mulel- 
and  relationships  at  the  total  round  level. 

While  the  conjioncnt  approach  does  not  eliminate  difl  icult  ies 
advances  in  ;imaution  technology  arc  incer|»oratcd  into  a new  .ominit  ioti 
proposal,  structurin':  the  estimate  at  the  conponcnt  level  limit'  these 
problems  to  the  conjwnonts  involved  in  the  ch.'ingo.  When  using  tot.i 
round  level  CIlR's  anu  when  fnceil  with  a new  Kind  of  component,  -ik'  ' 
as  a telescoped  cartridge  case,  tne  estimator  must  reduce  the  reli 
ability  of  the  total  estimate  with  a complexity  factor  or  a \indon  use 
of  the  CI.R  entirely.  With  conponcnt  CIK's  the  estimator  need  only 
adopt  alternate  estimating  techniques  for  the  components  that  are 
unique. 

Tli is  s t ixl v does  not  attempt  to  give  specific  guidance  tor  handling 
new  ;ind  unused  technologies.  It  is  not  possible  to  forsee  al  I i-ro  >l  n-. 
or  to  predict  tlvir  solutions.  However,  on  the  basis  of  .hoitagcs  i:. 
the  data  base  and  from  the  experiences  Rained  in  <k  .eloping  the 
nodcls  .ukI  U.R's,  certain  problems  can  I*  forsecn.  They  are: 

1.  the  lack  of  Army  experience  with  alinimun  cases,  telescoped 
cases,  discarding  sahot  projectiles,  dual-purpose  111!  projectiles,  anj 
depleted  uranun  pcnctrators. 

2.  the  general  difficulty  of  fu:c  estimating,  which  not  only 
includes  technological  changes  with  the  introduction  of  electronic 
conponcnt ry , but  also  seens  to  lack  strong  cost  drivers. 

This  report  is  the  first  of  three  vohnes  on  amunition  costs. 

Ihe  results  of  this  report  are  not  intended  to  be  final.  Revisions  to 
the  mcdiin  borc  nodcls  and  HR's  can  be  expected  in  volir.es  II  ;md  ill 
as  rxirc  tine  data  become  available. 

Ihe  remainder  of  section  II  is  split  between  reporting  the  results 
for  initial  production  facilities  and  presentation  of  the  Cl:R  s an. 
factors  prepared  fc.  amunition  component  production  costs.  Hit-  u<e 
of  CIK's  is  illustrated  with  an  example  estimate.  The  Ilf  model  is 
too  complex  for  manual  illustration. 
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l'ri»*r  to  prcparat ion  of  an  iiwh-pendcnt  parametric  cost  cst mate 
(IIX.1.)  ol  initial  t>roduction  facilities  1 1*1  , it  is  essential  to 
obtain  a clear  statement  of  nuciiincry  requirmut^  for  the  family  of 
amunitinn  to  be  produced,  1o  obtain  this  re<|ui  remen  ts  statement,  it  is 
lirst  necessary  to  determine  the  nolul  iza?  ion  plan  for  the  .munition 
he inj:  introduced  to  the  \my.  linn  it  is  necessary*  to  determine  whether 
the  exist  in^*  kise  ol  Machinery  is  sufficient  to  uvt  the  mobilization 
plan.  It  this  kiso  is  not  sufficient,  tlien  the  short  tall  mist  I** 
sjk*c if k\l  at  the  continent  level  ol  detail*  Onlv  then  can  a realistic 
IIVL  lx*  prepared. 

flie  resulting:  mobilization  out|nit  rate  for  each  component  and  the 
corresponding  short  fall  from  the  desired  exit  put  rate  mist  !*e  the 
agreed  upon  basis  for  Iwjtli  the  11X3.  and  the  Itaseline  tost  Cstinatc  (hU;) 
hi*  ng  compared.  (liven  that  the  outputs  are  properly  defined,  it  was 
determined  that  cost  modeling  is  the  l**st  way  to  independent iy  estimate  the 
machinery  rctpiiivd  to  NU|>|*»rt  a new  mediirMorc  :imjnition  family. 

Hie  proposed  cost  est  inviting  model,  definitions  of  the  rcithcmat  ical 
notation  used,  and  accompanying  rationale  and  procedural  explanations 
are  included  in  section  1 1 lit.  because  of  the  complexity  of  the  model, 
its  supporting  data  base,  .md  the  level  of  detail  at  which  cost  estimates 
are  generated,  it  is  mterwled  that  the  model  Ik*  exercised  by  computer* 
rhercforc,  this  section  is  confined  to  a general  description  of  the 
coverage  provided  by  the  mode]  and  the  estimating  algorithm.  A later 
voltne  of  the  .imunition  cost -research  study  will  inclt  • a corjxjter 
program  written  in  the  lOKTRAN  IV  programming  language. 

The  estimating  model  covers  the  cost  elements  of  industrial  production 
i*qui|nent  (III),  special  initial  tooling,  and  test  and  measuring 
equipment  for  rn-dur.  hnro  arrxmition  at  the  component  ;ind  laid*  assemble, 
;uiJ  pack  MAPI  levels  over  two  sire  ranges.  Separate  estimates  can  be 
obtained  lor  the  last  two  cost  element*  il  the  estimate  guidance  precludes 
the  inclu<ion  of  III.  flic  components  aiwl  sire  ranges  covered  are  shown 
in  the  following  table. 

MKMclMRIM:  IWI.STi.VI  CIKT  %OW.L  OMRUJ. 

Over  3(m 
jn-30 m -6nm 


111 
a * 

I'rojeUilo  III!  , AT,  and  Tl*) 

\ 

b* 

Link 

\ 

c. 

Knx 

\ 

«i. 

LAP 

X 

c. 

Cartridge  Case 

\ 

f. 

1 u;c 

X 

f 


> 


2. 


INITIAL  TOOLING 


Over  3<fcn 
20-30m  •60rr> 


a.  Projectile  (10;,  AP,  and  TP) 

X 

X 

b.  Link 

X 

c.  Box 

X 

d.  LAP 

X 

X 

e.  Cartridge  Case 

X 

X 

5.  TEST  AND  '■f  iASURING  LQUmUNT 


a.  Projectile  (10;,  AP,  and  TP) 

X 

X 

b.  Link 

X 

c.  Box 

X 

d.  UVP 

X 

X 

e.  Cartridge  Case 

X 

X 

f.  fuze 

X 

X 

Once  the  mobilization  plan  has  been  determined,  and  the  I IT.  short* 
fall  in  terms  of  scheduled  nunhcrs  of  rounds  has  been  specified  at  the 
component  level,  the  annual  production  quantity  of  each  component 
requiring  1PE  or  initial  tooling  and  test  and  measuring  equipnent 
is  used  as  input  to  the  estimating  model.  The  required  additional 
inputs  are  the  assuned  nuaber  of  production  shifts  per  day,  projectile 
length  and  diameter,  cartridge  case  length,  and  number  of  rounds  per  box. 

An  estimating  data  base  is  included  in  the  moJel  as  matrices  which 
provide  listings  of  IPE,  equipnent-unit  costs,  equipnent -product ion 
capacities  per  shift,  and  average  unit-tooling  costs  per  equipnent  item. 
The  matrices  are  shown  in  section  II1B  as  Tables  III-2  through  III-13. 
Estimates  of  test  and  measuring  equipment  are  included  in  the  model 
also. 


Cost  estimates  are  obtained  through  the  solution  of  a scries  of 
cost  equations  for  each  component  and  LAP.  By  means  of  the  equations, 
the  estimating  model  performs  the  following: 

1.  The  nuaber  of  machines  required  is  estimated  based  upon: 

a.  annual  production  requirements  (inputs  to  the  nodel). 

b.  the  assuacd  number  of  shifts  (inputs  to  the  model). 

c.  equipment  item  capacity  per  shift  (included  in  the  data 
base) . 

d.  the  ninber  of  rounds  per  box  when  boxes  are  necessary 
(input  to  the  model). 

c.  for  arrunition  over  3tora  to  bOrn,  the  model  selectively 
applies  dimensional  adjustments,  employing  cartridge-case 
and,  or  projectile  dimensions  (inputs)  for  size  variations 
which  affect  equipment -product ion  capacities. 


Hu*  total  CO  ! Of  rmlhiikul  » ; Mi— . i-  «•  f inittxl  kt  «.f 

on  f ho  ImHvi  «*l  Rui«*li  Hie**  1 1 1 U 1 1 .mJ  f lit  * t ^4*  1 1 1 11 1 it«*n  taut 

lOsf  iJ.it, | h.lsrl. 

X.  I1h%  f'tirutrJ  uwf  <»|  ill  o|iii]i **nt  to|nm\l  i*or  tinpnnciiT 
nikl  I.M  1 •*  Mft  tif  1 *t\l#  I In*  i**»t  imfrj  m>t  o|  to*.!  nnJ  ihm  iii  iir; 

tX|lll|*ft'llt  - 1 klM’l  |N  Ii|J',*|i  .If  u!  4||<%.|IH  H ;||V  .«|*f » I lt\l  IClMi* 

lot  t it  it*},  in  *t  il  l.it  ion,  l.o.iwnv,  njiJrai  Mcn.imxuiNfn.itori.il 

luikll  it1£  iN|ui|«x*nt  iikIiiJcxI  iii  I Ik*  iO\f  ts(ii.it  |ott  •» 

I.  Hit*  01  tSr  nut  ml  t<«»l  iii)*  lor  each  o(ui|nnt  itir.  is 
cst  iruitiX)  lu**ol  on  the  tit r Jht  ol  rvKluik^  tv%|tiin>l  ijkI  tin*  nv«*r.uji%  unit* 
t €Xi|  im:  OM  jvr  iN|m|r*nt  itrn  M;it. 1 kiscl. 

I he  c*t  imtr»l  *o*i  iti  mitml  tixilttut  lot  .ill  o|tf|!o,.>it  rcui.urj 
lor  c.kIi  nnJ  LM*  is  Mtmi  i;cJ# 
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c.  Rrn rouse  jw -sp I nt 

I.  E$tinatinK  Caranrtm 

Tlve  recurring  investment  iwrtion  of  tlie  study  is  confined  to  the 
contractor  costs  and  excludes  in- house  engineering  and  quality  assurance 
support.  These  costs  arc  a ninor  factor  of  total  life  cycle  costs 
and  arc,  therefore,  not  a particular  problem  for  the  estimator  when 
preparing  an  MIX. 

A further  deterent  to  preparing  estimating  statistics  covering 
these  costs  is  the  absence  of  an  accounting  system  which  collects 
support  costs  allocated  to  the  procurement  of  complete  rounds  ard 
corqxjncnts. 

The  Cl.R's  that  result  from  this  study  arc  primarily  supported 
by  hard  procurement  data  and  engineering  estimates.  The  hard  data 
cover  procurements  from  1957  through  1975.  The  collection  of  data 
was  conducted  in  accordance  with  the  procedures  act  lined  in  section 
I IIC.  Composite  learning  was  prepared  by  component  and  is  presented 
in  detail  in  section  HID.  Component  production  CIR's  and  cost 
factors  are  rccomcndcd  in  accordance  with  the  findings  of  section 
INC.  finally,  a transportation  cost  O.R  is  suggested  ui  accordance 
with  section  HIT. 

The  recomended  corfositc  learning  rates  and  cost  predictors  for 
ammition  recurring  costs  are: 

l-AP  Coo^osite  learning  rate  is  100  percent. 

ID!  and  I DAT 

In:  • -6.R659  ♦ 2.1145  LnX 
where:  : ■ estimated  unit  cost  in  IT* 74  dollars 
X • tore  sire  in  millimeters 

AP 

InZ  • 2.7627  • 0.001 S50  X ♦ 0.5127  LnY 
where:  Z ■ l-stinated  imit  cost  in  IT-74  dollars 

X ■ Average  annual  production  rate  in  thousands 

Y • Projectile  nass 

TP 

In:  • 4.1000  • 0.5247  LnX  ♦ 0.MS5  InY 
where:  : • estimated  unit  cost  in  IT* 74  dollars 

X • Average  annual  production  rate  in  thousands 

Y • Projectile  mass 

PRfln.cn Id;  Conpositc  learning  rate  is  92.6  percent. 

m: 

Ini  • -1.6985  * 1.5759  InX 

where:  Z ■ estimated  theoretical  first-unit  cost  in  FY-74  dollars 
X ■ tore  sire  in  millimeters 
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Hmjil  Comj>osite  learning  rates  arc  89.7  percent  and  80.3  percent  for 
percussion  and  electric  respectively. 

PERCUSSION 

l/»:  • 2.7957  - 2.2673  InX  ♦ 1.3338  LnY 
where:  Z • Intimated  theoretical  first-wit  cost  in  FY-74  dollars 
X • Round  appl icat ion  bore  size  in  millimeteis 

Y ■ Round  application  nonentin 

EUCTRIC 

liC  • *14.1220  ♦ 4.0538  liiX  • 0.9031  InY 
where:  2 • estimated  theoretical  first-unit  cost  in  n*-74  dollars 
X • Round  application  bore  size  in  millimeters 

V • Round  application  projectile  mass 

UN*  Composite  learning  rate  is  100  percent. 


Bore 

Unit  Cost 

Size 

in  FY-74  dollars 

7.&2nn 

$0.0127 

12. 7m 

0.0467 

2iVn 

0.2413 

40m 

0.2645 

Composite  learning  rate  is  91.1  percent. 

Pt» 

InZ  ■ 14.0768  • 2.2258  LnX  ♦ 1.0590  LnY 
wliere:  2 • 1st  mated  theoretical  first-unit  cost  in  FY-74  dollars 
X ■ Round  application  bore  size  in  millimeters 

Y • Round  application  projectile  mass 

BD 

InZ  - 0.6493  ♦ 9.5905  LnX  ♦ (2.0698  x 10*7)  Y 
wk-re:  : ■ 1st  mated  theoretical  first- wit  cost  in  FY-74  dollars 
X • Round  application  bore  size  in  millimeters 

Y • Round  application  kinetic  energy 

l»!BI> 

InZ  ■ -52.3486  • 11.5814  LnX  • 4.0205  LnY 
where:  : • estimated  thooretica.  first-wit  cost  in  nr  74  dollars 
X ■ Round  application  bore  size  in  millimeters 

Y • Round  application  projectile  mass 

IRVVStORTAT  I CS 

InZ  • 1.5879  ♦ 1.0140  LnX 
where:  2 • list  mated  unit  cost  in  FY-7S  dollars 
X • Project ile  mass 
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iVvelopnent  of  .1  Pnvunnent  IM.in  for  the 


l.nilv  of  Vrimition. 


I *kU*| H*it« !«  lit  p.ii  uh  tt  u in  t i*  \ imatt  n UIVI  * -I  .ill’  ki  i'll  ui^hi 
historical  cos t data  and  those  factors  tli.it  accor*  i|  t>li  the  nisMoil 
of  the  systi »«i»  «>nc  of  theM*  t utors  tlut  »«i*t  U*  considered  during  the 
| hi  is  the  pr»K  iiHTviit  |*  I .in  lor  the  l.irulv  ot  .umnition  taing  stulied 


Hie  pi. in  mist  ho  lor  tlr  conplete  lile  evvle  of  the  sy«tvn  u<u;*4 
tlie  .imfi 1 1 1 on.  In  dcvelopmi*  the  plan,  hii'Jier  hiatWjuartet  s should 
provide  nitdattco  to  avert  a hi  lev*  Is  of  pntcurtTi  ills.  Before  prejiarin*'. 
the  till  , it  i » ntve^iiA  in  .insult  tlie  following  «|ue'tious: 


a.  Wliat  Kill  t lit*  autl»Mi/ed  K*<|tiis| 1 1* in  ohuvtl\es  | V %•  #sj  !c 
for  each  touiid  used  l*»  the 

h.  lion  rumy  yeais  ot  ptoc uienrnt  will  tv  tiijiiircd  To  till  The 

\V>? 

c,  hh.it  will  t!k*  \r.irh  late  of  tooMnpt  om  U«  for  o.uli  r*wmJ 

used? 

d.  What  will  Tlie  veaily  pt'kiim  etit  i iTes  U-  to  rwiiiit.iin 
existing  W l le\els? 

S|n\  i,i|  rph.i'iis  toi  pnwiiriTRUT  plait!it!i  ■ \%  in  eeti<*ri 

IV  special  I indiums  and  BencfVfKlat  ion  •• 


f 


3.  ll>o  of  Cl.K' s to  hstimatc  Total  Costs 

Use  of  the  preferred  ClJt's  »s  illustrated  with  this  detailed  example 
of  estimating  the  total  armnit  ion  recurring  cost  using  the  cost  predictors 
.uul  conrositc  learning  rates  presented  in  section  MCI.  Since  the 
recurring  cost  paraneters  are  presented  at  the  arrwnitino  conponent^ 
level,  the  first  step  in  the  procedure  is  to  estimate  the  total  etc.  ot 
each  component . Ihe  total  armstition  recurring  cost  is  the  sin  of  the 
total  cofjxment  costs. 

Suppose  a cost  estimate  is  required  for  two  .torn  rounds  of  .rnunit  ion 
including  a quant  »tv  of  10  million  III.  rounds  designated  by  MU*0  anu  .0 
million  IP  rounds  designated  bv  M200.  The  annual  production  rates  arc  4 
million  and  8 million  for  the  >1100  and  M2<»0  respectively,  TOC  1100 
incort'oratcs  a point ‘detonating  fuse.  Both  minds  incorporate  the 
sane  cartridge  case.  Hie  physical  and  performance  characteristics  ot 
the  t**o  rounds  are  as  follows; 


Ml 00  IB. 

M200  TV 

Ho re  sire 

3(Yn 

3Un 

Project  i le  russ  (*tl 

11,030 

0.020 

»ii::lc  velocity  (VI 

3,000  fps 

3,000  fps 

'limentien  ('h  i ■* 

no  • 

60 

Kinetic  energy  |0.*MY“| 

135,000 

90,000 

Case 

brass 

brass 

The  component  total  costs 

arc  c>t 1 mated 

as  follows 

t.\P 

IU. 


i: 


• • 


Iji*  ■ -6.8639  ♦ 2.1143  IjiX;  X » Bore  sircdnl 

- •0.8b3,.i  ♦ 2.1143  Iji  Vi 

• 0.3273 

Z * 31.38"  per  round 

Ihe  total  I.M’  cost  for  tlic  Ml 00  is  $1.3*7  (10.000.000)  - $13.8-0,000 

|j£  . 4. loot)  • 0.3247  IjiX  ♦ 0.(453  IjiY;  X • Annual  production  rate  IK), 
Y • Projectile  mass 

• 4.1000  • 0.3247  IjiS.OOO  ♦ 0.6453  tnO.020 

- 1.3426 

Z ■ $0,261  per  round 

11k*  total  I.M*  cost  for  the  ‘1200  is  $n.2M  Co.onn.nno)  • $5,220,000 
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muiriiu 


in.  * 

In:  • -1.0983  ♦ 1.3739  l.n\;  \ * lW»ro  sirelml 

• 1.0983  ♦ 1.3739  In3t!  f 

• 2.9741. 

Z • $19,582  lor  iIk'  first  unit  • „ ; 

Using  .1  92. (•  percent  liMnnti^;  rate,  the  total  projectile  io-.t  for 
the  Ml 00  is  $30,055,500. 

II* 

In:  w 5.5ho8  • 2,|3i»5  l.u\;  \ More  sirelnO 

• s.r.st.H  ♦ j.  i invi 

• I ,0V»5 

: • $5.25"  lot  the  first  isnt 

llsin»:  a 92. h jvreent  learning  rate,  the  total  project i le  cost 

for  tlie  M2* Hi  is  $|H,32I,200.  . .. 

I XI14«l\r  I II  I 
ID. 

In:  • 1 3. "934  • 3.0?9|  Iji\;  \ • l!oie  Si;etmi 

- 13.7934  » 3.0791  |n3o 

•«  3.3208 

: • $0.0 Vi  pt'i  ioiiikI 

Die  total  fill  eo't  for  the  MI00  is  $n.P3t»  ( |0,mi0,IHMi)  « $560,000 


III.  ami  1 1*  HRVK 

I-*:  • O.I.H33  * n.«i20*l  \ • it. V\31  V;  \ • Itore  -irelrn',  V * l*rr  lectilc  nass 

* n.t.'<33  • 0.o2ti7ll3o»  • 0.5*31(0.030) 

• 1.502" 

: • SI.  t*r|  i »»r  t Ik*  first  unit 

IMii,t  i 91.3  ju  reenf  learning  i.ite,  tin*  total  eo-t  cost  for  the  MlnO  ;ind  *1200 
i<  $34,2H3,t»tMi. 


Ini.  • |n.:,n to  • o. u|. V|  * • o. * t It,  |j»t ; \ hire  sirrimi,  4 • Kinetic  Inergy 

* Jo.*, sio  ♦ o.niS'i (Vi | ♦ o."4lt»  Ini 35,ooo 

» 1.3522 

: • $0.25 » (ht  round 

(he  total  pro|iel  I ant  *o*  t lor  the  M|on  i>  $0,259  ( lo.ooo.ooo)  • $2,590,090. 


! 1 


- 


r 


ip 


IjC  ■ lO.ShJO  • O.nlSTirtUI  • O.'JU.  IJllHt.llW 
I • $0.  19*  |HT  HUHkl 


ll»-  total  1-Wll.t  *1  for  ,•  SC1.IW  CO.  OII.IHIO)  • 5 

I'Kl'l  K 

UM  • ».JM»  U*i  \ • non-  ,W*I.  V • •*»««■ 

• J.Jirs  l.nvi  * 1.5558 

. i.obu 

2 • S'.’.'S"  tor  the  iirst  unit. 

iN.tu:  <ut  *>r  percent  lcarnm*  rati*,  tin-  total  priner  cost  for  the  Mino 
and  *u«mi  is 


i r.K 


Based  ii] historical  .out  costs  of  S«.;m  for  2 *n  1 »{ 

5a.:t.i:.  soi  4irn  links,  a 5<*n  link  t>  cst  mated  to«>st 
j,ie  total  link  cost  for  the  *l|o«»  and  M200  assumo*  50  mil  ion 
links  is  $i>.::*5  1 50,0110, OHO)  • 5'.5n0.n00. 

ui:j. 

1,1  l!’in-  . Il.n-OH  2.::5H  Ij*\  * 1.0500  l.nV;  V ■ Bore  sizclmt.  Y • Projectile 

• U.H-I.H  |ji5n  ♦ l.oi'.m  IjiO.oSO 

• 

; • Sit*. 550  for  the  first  unit 

llsin*  a oi.l  percent  learning  rate,  the  total  Jure  cost  lor 
the  vino  is  $: 1,505, "00. 

lRVV*lvj:j\l,f’*. 

|j,;  . |.5R->i  ♦ l.iilin  Ln\;  X * Projectile  rtiss 
• l.58‘'.i  ♦ l.ojin  |j*o.o5n 
■ l.onTT 

2 • So.  140  per  round 

Ihe  total  transportation  cost  in  IY-7S  dollars  for  tl*e  M100  is 
>».|lo  (10,000,000)  • SI, mo, non. 

Ihe  Mint)  transportation  cost  ,n  ^ ’■*  dollars  i>  0. 83 (S  1,400 ,000) 

- <1, loJ.ooo. 


nass 


fa 


i 

I 


aminajggjy^gsr1 


32*  .:.i 


I 


r' 


iji:  • 1.5879  ♦ 1.0:10  Lno.020 

- -2.3789 

Z • $0,093  per  round 


I ho  total  tranoportat ion  cost  in  It  73  dollars  for  tlio  M200  is 
$0,093  (20,000,000)  ■ $ I , Hi»U, 000. 


Tlio  M200  transjiortation  cost  in  If  dollars  is  0.8*  ($I,800,INHI| 

- $1,543,800. 

Tlio  total  .utnumt inn  recurring  cost  in  It -74  dollars  l>v  round  is 
simarized  below.  Tl*c  case,  primer,  and  link  total  costs  are  apportioned 
to  tbc  MI00  and  M200  pmuhIs  liacd  u|x*n  the  i|unntitv  of  eacli  round. 


Hie  total  arrxfiition  recur  riti|!  cost  is  cstirtated  at  $154. 3o7 
million  in  IV 74  dollars. 


I.M* 

Project  1 le 
l..\plosive  I * I * 
Case 

Projiel  I ant 
Primer 
l.ink 
l-ure 

Transport at  >on 


(txists  in  mil  ions ) 
Ml 00  III:  M200  TP 

$lXlf*n  $ 'j.TTo 

*».R5n  18.324 

it.  3<»o  \r\ 


11.128  22.85b 

2.5'HI  3.840 

2.3S7  4.-14 

2. 530  $.060 

21.591*  SA 


HTTA1. 


1.162  1.544 

$■92^49  $bf.i5s 


& 
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SlitTTIpN  j_l_l 


STHPV  wnnrtflS 


a.  siiiCiAL  .vm muck  pmuiwMxr  < jksjj hum  ions 

The  uniqueness  of  arminition  procurement  practices  is  attributed  to 
the  nunber  of  manufacturers  involved.  It  is  not  unctx’inon  to  find  a 
mixture  of  contractor  owned  contractor  oj»e rated  f'.XXP)  plants,  Government 
owned  contractor  operated  (GtXJl)  plants,  and  Government  owned  (flu'nncnt 
operated  ((IXD)  arsenals  providing  components  that  will  Iiccop*.*  an 
integral  jvirt  of  an  armunition  round.  ! Ik*  schematic  in  this  section 
depicts  tlte  type  of  producers  involved  in  manufacturing  arrxmi t i»<i. 

Tile  hulk  of  production,  which  includes  small  arms  amrauiit ion  items, 
art iller>'  ;uul  mortar  rounds,  liombs,  and  fuics,  is  ilonc  In-  uXXi  plants. 
Basically,  amumtion  plants  are  classified  into  five  categories: 

a.  l-oad.  Assemble,  Pack  (LM*) 

h.  Propellants  ami  explosives  (PM.) 

c.  Snail  arms  ammunition  (SAA) 

d.  Metal  parts  ('UTS) 

c.  A plant  with  more  than  one  of  the  above  categories  or  rulti* 
product  use. 

The  tyjK*s  of  contracts  awarded  to  a plant  van1.  Ihc  l.\P.  PM;,  SAA 
;ind  nult i -purpose  pl;ints  operate  under  a cost -reimbursable  contract  with 
cither  fixed  or  incentive  fee.  The  ‘UTS  plants  operate  under  a firm- fixed- 
price  contract. 

Because  there  is  no  single  producer  of  the  components  that  arc  used 
in  the*  amramit  ion  market,  estimating  tlic  price  is  difiicult.  (.onscqucntlv, 
the  likcliliood  of  incurring  many  different  price  combinations  exists, 
lor  example,  nssune  tliat  IS  manufacturers  arc  capable  of  producing 
comjonont  s nccJol  foi  a specific  ;irr*inition  rounJ.  Using  various  combina- 
tions of  producers  can  result  in  28B  different  price  combinations. 

Price  cor-Sin.it ions  an<l  the  uncertainty  of  when  inventory  costs  were 
incurred  make  it  difficult  to  cst  mate  the  exact  price  of  rji  aminition 
round.  Certain  con|>ononts  may  be  procured  two  years  before  becoming  an 
integral  part  of  t!ie  round.  The*  complete  cost  for  the  end  item  can  be 
determined  only  when  consideration  is  given  to  costs  incurred  by  all 
producers  involved  in  the  manufacturing  process.  It  is  for  this  reason 
that  individual  components  have  been  costed  separately  in  this  study. 

The  productive  orientation  of  .^munition  at  the  component  level 
influences  this  project  and  other  cst imators  in  both  the  IPT  and 
production  costs. 

In  the  I PI  area  the  industrial  production  base  for  mobilisation 
is  established,  maintained,  modernized  and  expanded  on  the  bases  of 
component  demand.  The  completed  round  is  imjiortant  only  to  the 
extent  that  it  contributes,  along  with  other  total  rounds,  to  the 
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dcnttnd  of  the  particular  component.  The  Army  does  not  provide  TNT 
capacity  for  the  Ml  lOSrm  lit  howitzer  projectile.  Capacity  is  based 
upon  total  TNT  demand.  The  consequences  of  thii  special  consideration 
arc  that  the  preparer  of  cost  models  or  IICH's  mist  make  certain  that 
the  1PP.  involved  considers  the  marginal  increase  \a  capacities  and 
docs  not  duplicate  capacities  that  arc  already  available  in  the 
industrial  production  base  for  ammition. 

In  the  production  cost  area  these  special  considerations  probably 
have  the  largest  impact  on  the  cost  estimator.  First,  the  data 
collection  problems  arc  greatly  complicated  because  many  manufacturers 
may  have  produced  a component  within  a given  round.  Second,  assisting 
that  the  first  collective  problem  is  solved  and  the  data  are  cross 
referenced  and  properly  normalized  for  inflation,  the  estimator  rust 
determine  the  most  lihely  learning  rate  from  a myriad  of  manufacturers, 
producing  over  widely  varying  time  periods  and  output  rates.  Finally, 
the  estimating  procurement  method  cannot  possibly  be  duplicated  in 
reality  when  the  ammition  is  finally  procured  because  of  the 
artificiality  of  the  estimating  assumptions.  The  followung  portions 
of  section  III  shcald  be  read  in  light  of  these  special  procurement 
considerations. 


• T 


HIGH  EXPLOSIVE  COMPLETE 
AMMUNITION  ROUND 


PROPELLANT 

GOCO 

GOGO 


TNT  - COMP  B 
GOCCs 


FUZES 

GOCO 

PRIVATE  INDUSTRY 


PRIMER  CARTRIDGE  CASE 

GOCO  PRIVATE  INDUSTRY 


I \ 


PROJECTILE  METAL  PARTS 

PRIVATE  INDUSTRY 
GOGO 


SUPPLEMENTAL  CHARGE 
GOCO 


B.  INITIAL  PRODUCTION  r,VClimi.S_Jjm 

The  nonrecurrinR  investment  cost  elements, 
are  provided  in  the  IPF  cost  nodel,  arc  sliown  in  Table  III  1 and  arc 
keved  to  the  methodology  and  rationale  in  this  section.  J» 
addition  to  the  total  nonrecurrinR  investment  cost,  the 
provides  for  the  calculation  of  each  of  the  cost  elements  shown 
in  the  table,  including  industrial  production  equipment  (1FL} , 
initial  tooling,  and  test  and  «asuring  equipment  for  each 
of  the  amunition  components  shown.  All  costs  arc  in  thou., 
of  FY-74  dollars. 

To  facilitate  tracking  the  equations  used  in  the  cost 
nodel  the  order  of  sequence  in  which  they  are  solved  for  cue 
component  is  shown  in  Tables  111-14  and  111-15.  The  equations 
for  :om*30ni  components  are  ntnbcred  in  the  in,'’h,Cfh_th^r 

are  used  in  the  solution  of  each  component  -submodel;  J 

submodels  over  30m-60m.  the  equations  are  nmtered 
in  which  they  arc  used  in  the  suhnodels  in  which  they  first  appear. 

The  IPh  cost  model  presented  herein  vould  noma*1]'  J? ^than* 
estimate  '-osts  based  on  tl»e  aobiliration  requirements  rather  than 
neacet inc  requ i renen t s . This  overstates  the  1PF  requi rements ™d  costs 
Kr  peacetime  production,  hut  satisfies  the  conditions  dictated  . 
the  mobtliration  base  plan. 

Hie  model  is  structured  so  that  computer  programing  can  provide 
for  separate  calculation  of  the  estimated  costs  of  initial  .oolv  R 
and  test  and  measuring  equipment,  to  the  exclusion  of  l PL- 

is  predicated  on  the  basis  that.  for  a Rlv^,^l^°"rP2strfo- 
<-  . . . iLru-nt  will  not  buy  capital  equipment  but  will  incur  co.  ts  . 
special  tooling  and  gages  unique  to  the  arrunition  being  procurred. 

TABLL  III  - 1 NONRLCURRING  INVTSTMD.T  COST  LLDffNTS 

1.  in:,  2 Pm- 30m 

a.  Projectile  (Iff IT.  APT,  and  TIT)  and  Link 

b.  Box 

c.  LAP 

d.  Cartridge  Case 

c.  hire 

2.  Initial  tooling,  20s«v3<Hn 

a.  Projectile  (lOlIT,  APT,  anJ  TIT),  Link,  Box,  and  LAP 

b.  Cartridge  Case 


a.  Projectile*  (MPT.  AIT,  anJ  TIT) 

b.  L\P 

c.  Cartridge  ease 

d.  luze 


4.  Initial  tooling  over  .Vfcm-Mten 

a.  Projectile  (ll.T,  AIT,  and  ITT)  anil  IAP 

b.  Cartridge  Case 

1.  I PI;  20nrj-30rm 

The  I PI.  (machine  tools  and  processing  equipment)  required  [“r 
manufacture  of  a 20-.V*r»  steel -case  armmtion  family  is  shown  in  Table. 
Ill-:  thtough  111-8.  The  equument  lists  were  synthesized  in  » 
study  reference  SI,  by  analyzing  the  manufacturing  processes  nccessar> 
to  produce  this  ornunition.  An  adjustment  factor  of _ l.  1-  *»*  ° 

inflate  euuipnent  uni*  costs  from  TY-73  dollars  to  IV /4  ilollar.  . 
was  dcvclo|>cd  from  a detailed  review  of  the  production  I 
procurement  requisition  order  lumbers  (PWTNS)  for  IV. J on  Akl^M 
projects.  The  price  changes  on  the  PtajNS  indicate  a clunge  o - 
percent  through  the  fiscal  year.  In  addition  to  the  equipment  costs 
Stained  Iron  Tables  111*2  through  MI-8,  the  cost  model  selectively 
includes  allowances  for  test  and  ncasuring  ctjuiincnt.  transportation, 
installation,  and  layaway  costs.  The  tables  also  include  special  . * tial 
tool inc  co»ts  for  each  cqui|oent  item.  Initial  tooling  required  b>  the 
In  was  developed  by  analyzing  the  manufacturing  processes  .md  eqmpmcnt 
requirements,  ;uid  was  inflated  fron  IT-73  dollars  to  n-  4 ilollars. 

Tables  III-2  through  111  8 constitute  matrices  fren  which  cost 
values  and  equipnent  capacities  required  for  solution  of  the  cost 
equations  are  selected.  The  notation  used  in  the  cost  equations 
XS  r.0  ««»«.  Si«c  the  cos,  of  a rote  l.nc  s Prot.JcJ  at 

the  simary  (total  line)  level,  there  is  no  matrix  for  fu.es.  The 
explanation?  given  below  include  the  notation  for  i^al  coollng. 
over  30-GOrro  sizes  use  the  same  notation  as  the  .P-abrn  group, 
they  also  employ  addition.il  notation  unique  to  the  model  for  anrunition 

sizes  over  3bnin-6(liri. 


Subscripts 

i is  a matrix  row:  a specific  item  of  equipment  and 

associated  initial  tooling 

j is  a matrix  colunn;  it  refers  cither  to  equipment  unit 

cost,  annual  equipment  capacity  per  shift,  or  average 
unit  initial  tooling  cost. 

k is  the  specific  matrix;  e.g.,  when  k*l,  the  I0.1T  Projectile 

matrix,  Table  111-2,  is  specified. 


Symbols 


C 


k 


«k 

Vi.j.k 


Y 


k 


T 


k 


is  the  nmber  of  working  shifts  assined  in  the  estimate 
for  the  aminition  component  identified  by  the  value  of 
k,  where  a shift  is  eight  hours  per  Jay,  f»ve  Jays  per 
*cck  ( 1 - ft- S) . When  one  shift  is  assined,  (*k  is  Riven 
the  value  of  1;  similarly,  Cfc**  anJ  rj,»3  for  two  anJ 
three  shifts  respectively,  where  the  latter  value  is  the 
ruixirann  acceptable  to  the  program. 

is  t)ie  annual  proJuction  quantity  of  the  arwiitton  conponcnt 
specific1!  hy  the  value  of  k in  millions. 

is  the  numerical  value  (cost  or  cpuipnent  capacity)  locateJ 
at  the  intersect  ion  n!  row  t *'1011  co  i inn  j ol  matrix  k, 
e.R.,  Xt  > | proviJes  the  value  l.?00  million  rounJs  as 
the  annual ’capac ity  per  shift  for  the  centerless  grinder 
required  to  proJucc  the  IC.IT  projectile. 

is  the  required  quint ity  of  the  wjuifncnt  item  specified 
by  row  i of  matrix  k;  e.g.,  Njj  represents  the  nunber  of 
centerless  grinders*  tlut  have  an  annual  capacity  ol 
rounJs,  that  an?  required  to  proJucc  Q|  10  IT  projectiles 
(See  cost  equations). 

is  the  total  cost  in  thousands  of  dollars  of  the 
cquitm-nt  item  specificJ  by  row  i of  matrix  k,  or  its 
associated  initial  tool  ins;  it  is  a function  of  Np.k  anJ  .3 .k. 

is  the  total  cost  in  thousands  of  Jo liars  of  the 
equipment  nccdeJ  to  meet  ProJuction  requirements  of  the 
munition  component  specified  by  the  value  of  K.  . 

It  also  include*  the  cost  of  test  and  neasurinR  equipment. 

is  the  total  cost  in  thousands  of  dollars  of  test  and 
neasurinR  equipment  required  for  the  component 
specified  by  the  value  of  k;  it  is  independent  of  the 
quantity  specified  by  Qj^ 


llsins  the  foregoing  notation,  the  cost  equations  by  component 
arc  as  follows: 


a.  Projectile  fiailT.  AIT,  and  TH)  anJ  Link  (k-1,2,3.  anJ  4.  respectively) 

9k-  [lal| 


X. 


i,k 


LkXi,2,k 


where:  S • the  required  equipnent  item  quantity  as  previously  defined, 
l,k  rounded  to  the  next  larger  integer;  e.g.,  if  Qk  * ck*i,2,k  ’ 
2.00S,  then  Nj.k  rounded  to  3. 


Q.  • annual  product  ion- <iuant ity  requirement  as  previously  defined 
k Note:  Qi  (10  IT  projectile),  02  (AIT  projectile),  aid  Q. 

(TIT  projectile)  represent  unique  input  variables;  Q4  (Tink) 


•V) 
<-•  > 


* 


S 


U the  sin  of  «h,  Q,,  .utJ  t)\  i»r  is  >ct  equa l to  rero  if  link 
product ion  «*i|uipranf  o .ihmih-J  to  I*  in  existence  or  is 
otherwise  not  minimi. 


tin*  .isMnisI  nnh'r  of  shifts  per  day. 

tin*  .umu.il  capacity  jet  'hilt  of  o«(tii|r*-tit  Itm  I in  rutin  k. 


when*:  I . • the  total  cost  of  eipii|nent  iten  i used  to  ptojike  the  cerponent  k. 

I • k 

\ . • valir  fun  n|iut i jn  |l.il|. 

I • K 

\ . . • unit  cu't  of  i^|ui|rm-nt  ttcn  i imnI  to  ptoJiKt'  the  conjonon  k» 

i » i 

vk  •2»itkn.issi  ♦ ik n»5i 

there:  I.  • the  twtal  cost  of  all  txpiipacnt  Herts  neci'ssjn  to  neet  proj^tion 
* requirements  of  each  projectile  or  link  plus  the  tost  of  test  .irwl 
measuring  cqui|«cnt. 

Y . • valia*s  frun  cipiat  ion  |lu2|. 

I r 

1.1SS  • 1.1(1.05),  an  .wklition.il  5 'percent  allowance  f«»i  transportation 
uuJ  installation,  :uwl  1 1»  |a*rccnt  for  layaway  o>>ts, 

'tote:  The  tr.insportation  .uul  installation  allowances  were 

provided  hv  the  IIS  Amy  Production  Iqmpxnt  Agency.  I la*  layaway 
allowance  was  provided  h>  the  ltuliistn.il  Manaccncnt  1'ivision  of  the 
Procurement  an»l  Product  ion  In  recorate  at  .\K'UN.  It  consists  of  <» 
percent  for  preservation  ;ind  4 jercent  for  crating,  hand  line,  aiwl 
t ransport.it inn.  If  lavawav  i»  •*»  »K*  site,  jnlv  tin*  l»* percent  factor  i'‘ 
applicable;  however,  the  Ill-percent  factor  is  used  m tlie  rwwJel  to  yield 
a conservat  ive  cstirute  based  uj«»n  the  assinpt ion  licit  on  site  layaway 
versus  plant  clearance  is  not  known  at  t!a*  tine  that  <hc  est mate  is 
Iwing  nade. 

I.  • lotal  cost  of  test  and  neasurim.  equipment,  and  is  equal  to 
k 24.0  for  k»l  and  2,  22.  a for  k«A,  and  2(».‘.>  for  k«4. 

h.  Itox  Cl-Sl 


«.5 


IIMIJ. 


iT*; 

A i,2.  • 


I1MI 


then  : \ . • tlie  reipnml  ispn|rvnt  itn  ipuntity  rounded  to  the  next 

* ,J  larger  integer. 


Qc  • Ql*Q2*Qv  a,u'a,!  •***  product  ion -quantity  requirement, 
expressed  in  nil  lions  of  rounds.  (See  note,  botton  of  Table 
111*6);  Qj  is  set  equal  to  zero  if  box 'product ion  equipment 
and  tooling  arc  assu-icd  to  he  in  existence  or  is  otherwise 
not  required. 

Cj  • the  assumed  lumber  of  shifts  per  day. 

X.  , j ■ the  annual  capacity  per  shift  of  equipment  item  i in  matrix  ic 
,M  where  k • S.  This  is  expressed  in  millions  of  rounds. 

Z • the  nixnhcr  of  rounds  per  box  known  or  assumed  for  the 
estimate. 

100  • the  mnher  of  rounJs  per  lex  ass  tried  in  establishing  the 
matrix  K»S. 


i.S 


YsYi.s 


|Ib2) 


where:  Y.  . • the  total  cost  of  equipment  item  i used  to  produce 

,J  aminition  boxes. 


N.  j • the  value  frtn  equation  [lbl|. 

X.  , , • the  unit  cost  of  equipment  item  i used  to  produce  aminition 
l,I,s  boxes. 

Ys  "£VitS(l.lSS»  ♦ Ts ( lb3| . 

where:  Y-  • the  total  cost  of  all  equipment  items  necessary  to  meet 

aminition  box  production  requirements,  plus  the  cost  of 
test  and  measuring  equipment. 

Y.  j • the  values  from  equation  |lb2|. 

1 • 1 S3  • 1.1(1. OS),  an  additional  5-percent  allowance  for 

transportation  and  installation,  and  10  percent  for  layaway 
costs. 

Tj  ■ 10.5  for  k»S,  and  is  defined  under  equation  |laJJ. 
c.  LAP  (k«6) 

liquations  flail  and  fla2|  apply  to  the  LAP  equipment,  with  the 
subscript  k«6,  and  Qf,  »<)j  ♦ ♦ Qv  Tlic  total-cost  simation 

equation  for  LAP  equipment  is  as  follows: 

r„  -2v,  6(i.27osi  • t6 


lies). 


where:  V.  * the  total  cost  of  all  items  of  cqu ipnent  requireu  to  LAP  tin* 

.(munition  components,  plus  tin*  tost  of  test  and  measuring 
equijnent . 

V • the  value*.  fi»n  equation  |l.i2|  applied  to  the  IA1*  matrix, 

• Table  III-7U-0). 


• 1.1CI.1SS),  a Id* percent  allowance  for  miscellaneous  material 
hind  ling  cqui|>nent  applied  in  adJitinn  to  the  allowances 
previously  defined. 

I((  • 58.S  for  k*n  ;ukI  is  defined  ivwlcr  equitim  |la5|. 


d . i -.ir fridge  < a so  Ik*") 


Ni.? 


<:W 


i.3.7 


I1JII. 


where:  N(  - * the  require.!  equii«ent  tten  i|uantitv  rounded  to  t!ic  next 

* larger  integer. 


* hVit  the  anntul  pi eduction  quantity  requirement. 

• the  assuied  inruSer  of  shifts  jvr  day. 

X ^ - • the  .innu.il  capacity  jvr  shift  of  cqui|nent  iton  i used  to 
* * produce  cartridge  cases. 


Alternative  choices  of  expiation  |Id2|  are  based  on  a variation  in  the 
ntn!*er  of  drawing  oj>eratinns  and  tlie  press  tonnages  required  for  the 
blanking  and  drawing  operations,  depending  on  the  ratio  of  length  to 
diameter  o!  the  cartridge  case  being  estimated.  The  former  variation  is 
accounted  for  by  the  addition  of  cquipnrn*  items  25  anJ  2(*  1 1th  draw  and 
4th  draw  trim!  in  Table  1 1 1- 8;  whereas  the  latter  variation  is  accounted 
for  hv  variations  in  affected  press  tonnages  and  the  addition  of  a seconJ 
colirai  of  equipment  tout  costs  (j»2)  to  Table  MI-8  to  accomodate  the 
higher  tonnages.  ihiJer  conditions  (1),  (2)  and  (5),  below,  I.  is  the 
total  length  of  the  case  in  imlics,  and  I)  is  the  projectile  diameter  in 
mil  inetcr--. 


(II  I.  *;  3.5  in.,  I)  < 5<)m, 


21 


i.7  *i,7  i,| 


(Id^J. 


where.  Y-  ..  * the  total  cost  of  equi|«ient  item  i used  to  produce  cartfiJge 
’ ' cases. 


Xi.7 

X*»l,7 


■ The  values  fron  cqu.it  ion  f Mil  I . 

• the  unit  cost  of  txjuipnent  item  i used  to  produce  cartridge 
cases. 


*' 


ar. 


,.xsv 


/ 


r 


( J ) |.  > J,3  in.,  U • i * 1.  - 1 •••  i 

Vi,7  ’ Ni,l,7  Xi,l,7  

whore  .ill  factors  arc  as  defined  in  paragraph  (1)  above. 

*5)  U>3.S  in.,  20m  <l)  < 30m,  i • 1*  2 26. 


wlicrc  all  fact  in  arc  as  defined  in  paragraph  (1)  above. 


(1JV1. 


IldVl- 


(41  Surra t ion  equation  for  conditions  (1),  (2),  (3): 
Y.  *2^  : dldSS)  ♦ T, 

< l , / * 


(W31. 


where:  V-  • the  total  cost  of  all  items  of  equipment  nccessarv  to  neet 
cartridge  case  production  requirements,  plus  the  cost  ot 
test  and  casuring  equipment. 

Y „ • the  values  frm  appropriate  conditional  equation  |1«12|. 

I • 

l.ISS  ■ 1.1(1.05),  an  additional  5-percent  allowance  for  transportation 
.ind  inrtallation,  and  10  percent  for  layaway  costs. 


T_  • 54. S for  k«*.  and  is  defined  under  equation  |la3). 
c.  Fu:c  Line 


where:  \ • the  ninber  of  fu:e  line*  required  to  meet  annual  production 
quantity  requirements,  rounded  to  the  next  larger  integer 

ij  • Qj,  the  annual  production  quantity  requirement. 

i]  • the  assured  ninbcr  of  shifts  per  day. 


(lei]. 


1.2  * a constant  annual  production  capacity  per  fu:e  line  per  shift 
expresses!  in  nil  lions. 

Y • N(  1,78b)  (1.10)  !,e21* 


where-  Y - the  total  cost  of  the  fu:c  linc(s)  required  to  meet  fu:e-production 
requirements,  including  layaway  cost,  plus  the  cost  of  test  and 
measuring  equipnent. 

S • the  value  from  equation  del]. 

I ■ the  average  unit  cost  per  line,  excluding  layaway  cost,  expressed 
in  thousands. 


• >—» 
4.  i 


I.l«i  * an  additional  in  jierccnt  alluwathc  tor  layaway  tost. 

I • rx.li  for  fuses  as  defined  ieidcr  oquat  iun  (la.IJ. 

2.  Initial  Too 1 1 iij; , 2<*ti  .tnrn 

ll.is  cost  element  covers  the  special  initial  tooling  required  fo,  the 

i T^i,VK,UT!  m ^ ’ es  thiouRli  III  x covering  projectiles,  links, 

l*oxcs,  I.M  , and  cartridge  cases.  The  masher  of  sets  of  initial  tooling 
required  for  each  oquiiwtit  iten  i of  each  natrix  is  the  s.inc  as  the 
c«rres,^,nR  equipment  iten  i quantity  previously  calculated  using  the 
II i.  cost  equat ions  in  mim.his  la  through  Id.  (Xo  to»»| in>:  is  required 
lor  fuzes. i llus  quant itv  is  expressed  for  111;  quantities  .is  \ .. 

.iven  the  previously  calculated  xalucs  of  X.  . . the  resulting  filial 
t<v>l  in*:  cost  ions  arc*:  l,K 

*•  .OL'lL-VTa.  and.  nTj.  I.ink.  Hot.  ;ind  l.M*  (k-l.  .1 

4*  S,  a:iJ  (»#  rcs|»cct  tvelyi 

Vk  Xi,lVi,j,k 

wU're;  1 • ^ • the  total  cost  ot  tin*  initial  tooling  required  for 
equi incut  iten  i of  n.,tri.\  k 

\.k  * thV  v.*i«K»  Iw.  equation  | lal  | or  (ll.||,  as  aj>pl icahle  for  the 
v.iIik*  of  k lor  tin*  orqioncnt  Iving  cst mated 


Xi,i,k  * t,,c  “verace  tent  tooling  cost  for  cqtuj-nont  iten  i 
K,  there*  the  v.i ) ik*  of  **uhscript  j • N ♦ * 

I 9 K 


of  matrix 


• 2',., 


I -S3 1 


•here.  « tin*  total  cost  of  all  initial  tooling  required  to  nect 

ptaxluct u»n  requirements  of  the  .CTxinition  ccrnnnent  specified 
l»v  tin*  value  of  k. 


\.l  ’ ''l'*''  from  eipiat  ion  |2aJ|, 


I*.  fi*i/.tridj;e  cist*  «I*“| 

Ihe  conditional  cost  equations  for  cartridge  cases  are  as  follows  (s;me 
IdlM - U>*  ' ,,w,cr  ‘‘•'•tegories  as  those  for  111.,  sections  Id  (1)  through 

III  I.  < T.S  in.,  II  < H*n,  I « 1,  ^ .’i 


T 

* 


Y, 


i.7 


N ,X.  , , 


|2b2.1). 


where:  Y , • total  cost  of  the  initial  tooling  required  for  cartridge  case 


N 


i.7 


X, 


i».i»7 


cquiiwnt  item  i. 

the  value  from  equation  |ldl|. 

the  average  unit  tooling  cost  for  cartridge  case  equipment 
item  i,  where  the  value  of  subscript  i 


Cl 


1.  >3.S  in.,  l>  • 2<Vn,  i • 1,  2 2ft 

V,  , • N,  J.  . 

where  each  variable  is  as  defined  in  equation  |2b^l|. 
(.*)  I.  >3.S  in.,  2ibr»<  D < 30nro,  i ■ 1,  2,  ....  26 


(2b”l. 


Yi,7  " 2Ni.7Xi,j,7 


|2bZ^J . 


(2b3j. 


where  each  variable  is  as  defined  in  equation  |2b^|;  and  factor  2 provides 
for  doubling  the  initial  tooling  matru  value,  based  on  the  engineering 
judgment  of  Lake  City  Amunition  Plant  persoryiel.  to  account  for  the 
higher  cost  of  the  heavier  press  tooling.  (See  section  Id). 

(4)  Sir-nation  equation  for  conditions  (1),  (2),  or  (3). 

Y -.  -£y  . y . 

.here:  Y.  • the  total  cost  of  all  initial  tooling  required  to  meet  cartridge 
case  production  requirements. 

y • the  values  frea  appropriate  conditional  equation  (2b2|. 
i » 7 

3.  i Af!ni'i)i5n 

The  in.  required  for  the  manufacture  of  an  over  3irn  through  ftjn 
steel-case  .munition  family  is  shown  in  Tables  I I I -9  through  I II - la. 

The  equipment  lists  were  developed  from  a detailed  analysis  of  th 
nanuCactuMng  processes  necessary  to  produce  the  STm  family 
in  references  1 through  7.  Appropriate  nodi. icat ion.  t • I . 

were  made.  so  that  the  conventionally  cased  a^ition,  “ 
iccoi I less-rif lc  family,  is  reflected  the  equipment  lists.  In  addition 
to  the  equipment  costs  obtained  from  Tables  III-9  through  111-13,  the 
cost  rwicl  selectively  includes  allowances  in  the  cost  equations  for 
test  and  measuring  equipment,  transportation,  installation,  an 
lavaway  costs.  The  tables  also  include  special  initial  tooling  costs 
per  equipment  item.  Required  initial  tooling  was  developed  and  costs 
were  estimated  fren  the  detailed  information  presented  in  references 
1 through  7. 


-I 


Tables  111*9  through  111*13  constitute  matrices  fron  which  the 
cost  model  selects  cost  values  and  cquijxnent  capacities  required  for 
tne  solution  of  the  cost  c<|uations.  Since  these  matrices  are  based 
on  57m  . imun 1 1 1 on , the  cost  model  selectively  applies  dimensional 
adjustments  in  the  cost  equations  for  si:c  variations  affecting  equip- 
ment capacities.  The  notation  used  in  the  cost  equations  applies  uniformly 
to  each  matrix  and  is  identical  to  that  presented  previously  except  * 

for  the  following  additions: 

Subscripts  ...  J 

c identifies  cartridge  case.  ' 

P identifies  projectile. 

S\Tibo  l_s  . 

U is  the  projectile  diameter  of  the  ammition  family  for 

which  I PI:  is  being  estimated.  Expressed  in  mill  imeters, 
this  value  ranges  f-<m  over  30m  through  bftn. 

Lp  • 5 the  projectile  length  in  inches. 

i- 

i-c  is  the  cartridge  case  length  in  inches. 

n is  the  upper  value  of  i representing  the  last  item  of 

equijxaent  within  the  range  of  i values  for  a specific 
matrix  k for  which  a dimensional  adjustment  to  equipment 
capacity  per  shift  is  required  because  of  projectile 
length  and  diameter.  The  values  of  i are  taken  in 
sequence  starting  with  »»1. 

m is  the  upper  value  of  i representing  the  last  item  of 

cquijnent  within  the  range  of  i values  for  a specific 
matrix  k for  which  a dimensional  adjustment  to  equipment 
capacity  per  shift  is  required  because  of  the  projectile 
diameter  only.  The  values  of  i are  taken  in  sequence 

starting  with  i ■ n ♦ 1.  j 

q is  the  upper  value  of  i representing  the  last  item  of 

equipment  within  the  range  of  i values  for  a specific 
matrix  k for  which  a dinonstonal  adjustment  to  equipment 
capacity  per  shift  is  not  required.  The  values  of  i 
are  taken  in  sequence  starting  with  i • m ♦ 1. 

NA.  ^ is  the  required  quantity  of  the  equipment  item  specified 

* ' by  row  i in  matrix  k,  where  i ranges  in  value  from 

1 through  n. 

•1 


no 


l 


*1 


I 


J 


sc 


»,k 


YA 


i.k 


YC 


i.k 


is  the  required  quantity  of  the  equipment  item  specified 
by  row  i in  matrix  k,  where  i ranges  in  value  Irom  n*  1 
through  n. 

is  the  required  quantity  of  the  equipment  item  specified 
by  row  i in  matrix  k,  where  i ranges  in  value  Irom  m*l 
tii  rough  q. 


is  the  total  cost  in  thousands  of  dollars  of  the 
equipment  item  specifics!  by  row  i in  natrix  k,  where 
the  value  of  i ranges  fron  1 through  n;  it  is  a function 


of  NA1>k  and  Xj  j j. 


is  the  same  as  YAjffc,  except  that  the  value  of  i ranges 
from  n*l  through  m. 


is  the  same  as  YA1>k,  except  that  the  value  of  i ranges 
from  n*l  through  q! 


The  cost  equations  by  component,  using  the  foregoing  notation, 
are  as  follows: 


a.  Projectile  fltLT,  APT,  and  TIT)  (k  - 8,  0,  and  10,  respectively). 


...  Dl.  Q. 

k - EJL 

l,K  480  C.X. 


k i,2,k 


|3al). 


wheic*  XA.  . » the  required  equipment  item  quantity  as  previously 
l,i'  defined,  rounded  to  the  next  larger  integer;  c.g., 

if  1)1.  Q.  t 480  C.X.  , . • 2.00S,  then  XA.  . is  rounJed  to  3. 

pK  K 1 »*,K  1»N 

Note:  i ranges  from  1 through  n. 


I)  • the  projectile  diameter. 

I.  * the  projectile  length. 

• the  annual  production  quantity  requirement. 

480  • 60mm  tines  8 inches,  which  represents  the  60rri- projectile 
diameter  and  an  assented  8*inch  ir.axinua  projectile  length. 

Note:  To  express  the  upper  model  limits  in  the  equipment 

quantity  equation,  a projectile  diameter  of  6ftnn  is  used  as  an  estimating 


:u 


base  rather  than  S7m*.  True  variation  In  required  equipment  quantity, 
caused  by  capacity  variation  with  projectile  diameter,  is  a step  function 
A quantity  variation  would  not  be  expected  between  S7ran  and 


X 


i,2.K 


is  the  assumed  number  of  shifts  |tcr  day. 

is  the  annual  capacity  per  shift  of  cqui(»nent  item  i of 
matrix  k. 


NB. 


l»L 


where:  NB. 


i.V 


; v " l^l- 

• “"tTT.m 

the  required  equirment  item  quantity  rounded  to  the  next 


larger  integer. 

Note;  i r;ingcs  in  value  from  n*l  through  m. 


(»0  " the  upper  model  limit  on  projectile  diametci. 
All  other  factors  are  as  ilefincd  for  equation  |Xal.. 


YA. 


i.k 


*\,kXi,l.k 


t >a3] 


where:  VA  • * the  total  cost  of  equipment  item  i* 

I iK 

Note:  i ranees  in  value  from  1 through  n. 


where:  YR.  . 

I v K 


the  value  from  equation  |Sal|. 
the  unit  cost  of  equipment  iten  i. 


YB.  . • NB;  tX.  . . 
iyk  ifk 


the  total  cost  of  equi|mcnt  item  i. 

Note:  i ranges  in  value  from  n*l  through,  m. 


I ^aJl • 


SB  ■ the  value  from  equation  |3a2|. 

I 9 K 


X: 


i.l.t 


the  unit  cost  of  equipment  item  i. 

M55*Tk 


IMS]. 


where:  Y^ 


the  total  cost  of  all  items  of  equipment  nccessan*  to  meet  the 
production  requiremen'.  uf  each  projectile  plus  the  cost  of 
test  and  measuring  cqui/’v^nt. 


■ the  values  Iron  equation  , 3a3|. 

YBi,k  " tho  va,lk*  from  .tion  J5a4|. 

n ■ tlie  upper  value  of  i,  as  previously  defined. 

ni  • the  upper  value  of  i,  as  previously  defined. 

1.155  ■ 1.1(1.05),  .in  additional  5-peri ent  allowance  for  transportation 
and  installation,  and  10  percent  for  layaway  costs. 

^ “ the  total  cost  ol  test  ami  measuring  equipment. 

Note:  n,  n,  and  I.  assunc  the  following  values,  dependent  upon  t.V  valet 

of  k: 


k 

n 

n 

8 

6 

14 

45.2 

y 

12 

IS 

55.  y 

in 

5 

12 

48.(1 

h.  UP  rk-1 1 ) 

(quations  |3al),  |3a2|,  |3u3),  and  [ 5a 4]  applv  to  the  IA1’  txjuipment, 
with  the  subscript  k * 11,  and  Q.>  Q . * Q ♦<}  *Q  The  following 
equations  also  apply:  11  • 1U 

Q, 


NC. 


i.n 


'11 


‘VS, 2,1 


Hh5| 


where:  NC  ^ * the  required  equipment  item  quantity  as  previously  defined, 
’ rounded  to  the  next  larger  integer. 

Note:  i ranges  in  value  from  n*l  through  q. 

All  other  factors  are  as  defined  in  equation  (3al|. 


VC.  I | - VC.  ,,x.  . 

1,11  1.11  1,1,11 


f 3'ot*  J . 


where:  VC.  j.  * the  total  cost  of  equipment  item  i as  previously  defined. 
Note:  i ranges  in  value  from  m*l  through  q. 

•NCj  ||  * the  value  from  equation  (3b5J. 

X.  j ||  * as  defined  in  equation  |3a3). 


• • 


* * 

\ 


* 


* 


•f  • 


?» 


n m <| 

11  " 1 2 YAi  11  * 2 YB1  II  * 2 YC.  . . |1.270S*T.. 

11  i-1  ,,u  i-n*l  ‘•u  in»M  ,»‘l  11 


. |Jh7]. 


where:  Y..  ■ the  total  cost  of  all  items  of  cquiimcnt  required  to  laid, 
assemble,  ;uul  pack  the  omunition  components,  plus  the  cost 
of  test  and  measuring  oqui|>rocnt. 

YA.  p • values  from  equation  |3a3|  with  subscript  k«ll. 

YB.  j j * values  from  equit ion  |3a4|  with  subscript  k«ll. 

Yt'i  11  " V;,*,*cs  f rum  cquat  ion  |3hb|. 

n ■ 8 for  k»  1 1 .iih!  is  as  previously  defined, 
ra  ■ 11  for  k* 11  and  is  as  previously  defined, 

q • 15  for  k*ll  and  is  as  previously  defined. 

1.2705  ■ 1.1(1.155),  a 10-percent  allowance  for  miscellaneous 
material  handling  cquijrocnt  applied  in  addition  to  the 
allowance  previously  defined. 


Tj j • 158.0,  the  total  cost  of  test  :md  measuring  equipment. 
C.  Cartridge  Case  (k-12) 


NA. 


i.i: 


n.  q,, 

cm2 


“,1  *'l  “*  I ■* 


|3cll. 


where: 


NA.  • the  required  cquipncnt  item  quantity  as  previously  defined, 
* “ rounded  to  the  next  larger  integer. 

Note:  i ranges  in  valir'  from  I through  n. 

I>  • the  projectile  diameter. 

I.  • the  cartridge  case  length. 

•Jp  ■ tig*Q,|H}j||«Qj j . t !»e  annual  production  <|tuntity  requirement. 


720  • W)  tines  12  incites,  which  represents  the  60nn- project l Ic 

diameter  and  the  12- inch  length  of  the  5"m  cartridge 
case,  the  upjtcr  model  limits.  (See  equation  |3alJ  for 
note  relating  to  the  i^per  limit  1. 


Cp  • tlie  assunetl  innJ<-r  of  shifts  per  day. 

X.  , j,  • the  annuil  capactiy  per  shift  of  cquiprx-nt  ilea  i used  to 
*■  produce  cartridge  cases. 


:u 


4 • 


I • 


V 


Equation  |3a2)  al-m  applies  to  the  cartridge  case  cqai|r>ent,  when 
k-12,  n-18,  m-27,  and  Q.,  is  as  -’efined  for  equation  |3clJ.  rhe  followinR 
equation  also  applies:  ,fc 


12 

i.2,12 


1*3). 


where:  NC.  . , ■ the  required  equipoent- item  quint itv  rounded  to  the  next 
* * larger  integer. 


Note:  i ranges  in  value  fren  nM  through  q. 

All  other  factors  are  as  defined  for  equation  |3cl). 

YAi .12  * XAi,123CI.1.12 


(3c4). 


where  all  factors  are  as  defined  for  equations  |3a3)  ;ind  |3cl|,  and 
when  k«12  one  n-18. 

I .quit  ion  |3a4)  also  applies  to  the  cartridge  case  cquipnent,  when 
k-I2,  n»lR,  n-2?,  and  Q.,  is  as  defined  for  equition  (Jcl).  The 
following  equation  also  applies: 


NC  X 

^i, 12"  1,1,12 


I3C6). 


where:  VC.  ^ ■ the  total  cost  of  equipnent  itcra  i as  previously  defined. 

Note:  i ranges  in  value  fran  n«l  through  q. 

NC,  . , » the  value  from  equation  |3c3|. 

* »*• 

X.  , ,,  ■ the  unit-equipnent  cost, 
n n 

Y12  " [ Z YA.  „ * I YB  , - ^ VC.  .,11.153*1, [3c*). 

i-1  l,,“  i-n*l  ',1-  i-ml  u 

where:  Yj,  ■ the  to»rl  cost  of  ell  items  of  cquiincnt  required  to  neet 
cart  jge-case  prod action  requirements,  plus  the  cost  of 
test  a * ocasuring  e^iijmcnt. 

YA}  j,  ■ the  values  fren  equation  |>c4|. 

YHf  ^ • the  values  fren  equation  |3al)  with  subscript  k* 12. 

YCj  |2  • the  values  fren  equation  |.V6|. 

n-18  for  k-12,  ;tnd  is  as  previously  defined. 


K • - 


,n  • 2?  for  k»12,  anJ  is  as  previously  defined, 
q • 31  for  k‘12,  and  is  as  previously  defined. 

1.1 SS  ■ I. III. 051,  an  additional  S* percent  allowance  for  transportation 
and  installation,  .uU  Id  percent  for  layaway  costs. 

ip  «•  ISd.fl,  tlic  total  cost  of  test  and  measuring  equipment, 
d.  lure  Line 

Ha msI  on  a discussion  with  ivr  amnel  frm  tlie  Mobilization  rnpinccring 
Division  at  I rank  ford  Arsenal , tlie  cost  est  inales  and  production  rates 
for  the  \>ril  fuze  lines  can  Is  used  for  the  full  'fen  through  Wfcri 
range  of  .imumt ion.  Ilvreforv,  equations  |lel|  and  |U*2|  of  section 
IIIBle  are  to  he  used  here  to  calculate  tl»c  total  cost  of  the  fu:e 
line(s)  required  to  meet  fu:c  production  requirements,  including 
layaway  cost  and  test  anil  measuring  cquipnent. 


1 . t n 1 1 ia_l  Jool Jji^_wer  3tiw*  MVp 

Tins  cost  element  covers  tin*  special  initial  tooling  required 
for  the  IH:  items  st.nwn  in  rabies  1 1 1 - through  111*13  for  projectiles, 
LAP,  and  cartridge  discs.  No  tooling  is  nsjuired  for  fuzes.  The  ninhcr 
of  initial  tooling  sets  required  for  each  equipment  item  I in  each 
matrix  k ir.  the  sane  as  tlie  corresponding  cquipnent  item  i quantity 
previously  calculated  using  the  equipment  quint ity  equations  in  sections 
3a  through  3c.  This  quantity  is  expressed  for  I IT  as  Nj  (liven  the 
previously  calculated  values  of  X.  the  resulting  initial  tooling  cost 
equations  are: 


a.  Proicctylc  ilBT,  VIM,  and  TIM  land  IAP  (k-8,'»,10,  aid  11,  respectively). 


"i.k  " ^'i.Oi.i.k 


|4a2|. 


wU-rr:  1\  . 

* 


the  total  cost  ot  tlie  initial  tooling  required  for  equi|im*nt 
item  i of  ri.it r 1 1 k. 


Note:  i ranges  in  value  frnn  1 through  n. 


*.\  • tie  value**  lr<«  equation  |\il|  foi  the  ammition  ctriponont 

*•  s|vcilu*>!  I»v  tlie  value  of  k wlK*re  k*M,'.*,lu,  or  II,  ajwJ 
tlie  appropriate  value  of  i. 


X 


i » j ,k 


* average  unit 
of  matrix  k. 


initial  tooling  cost  for  equipment  item  i 
where  tlie  value  of  subscript  j • XX-  . • 2 


VB 


i.k 


\H.  .X.  . . 
® ^ j » j 


|4a4). 


J " 


I 


rwJT 


I 


:w; 


the  total  cost  of  the  initial  tooling  required  for  equipment 
item  i of  matrix  k. 

Note:  i ranges  in  value  from  n*l  through  ». 


where:  YIT  k 


SB.  . • values  fron  equation  |.Aa2|  for  the  anrunilion  component 
1 specified  by  the  value  of  k where  k • 8,9,10,  or  11,  and 
for  the  appropriate  value  of  i. 


(.  . . ■ as  defined  in  equation  |4a2|  where  the  value  of  subscript 
l,J,k  J • SB;  k ♦ : 


YCi,k  ‘ 


|4ao|. 


where:  YC,  . • the  total  cost  of  the  initial  tooling  required  for  equipment 
1,11  item  i in  matrix  k.  Sec  note  following  equation  |4a?|. 


Soto:  i ranges  in  value  fron  a»l  through  q. 


SC 


i.k 


values  fron  equation  |JbS|  for  the  Munition  component 
specified  by  the  value  of  k«ll  and  the  appropriate  value 
of  i. 


Xi.j.k 


as  defined  in  equation  |4a2) 

i ’^i.k 


where  the  value  of  subscript 


V 


k 


n n q 

£ YA  * I YB.  . • 2 
i«l  i,k  i»n*l  * i»ml 


Ma"|. 


where:  Y.  • the  total  cost  of  all  initial  tooling  necessary  to  ncet  production 
^ requirements  of  the  armunition  component  specified  by  the 
value  of  k. 


YA.  . • the  value  fren  equation  |4ad|. 

YB  . • the  value  fron  equation  |4a4|. 

I 

YC.  . • the  value  fron  equation  |4afr| . 

1 |K 

n • the  upper  value  of  i as  defined  in  equation  f.\aS). 

a • the  upper  value  of  i as  defined  in  equation  (Xa5). 

q • the  upper  value  of  i as  defined  in  equation  |.Tb?J. 


Note  1:  n,  n,  and  q arsine  tlie  fol lowing  valiK's  dependent  upon  the 

va  1 of  l: 

k n m q 

R ft  14 

9 1 2 IS 

10  S IZ 

11  8 II  IS 


Note  2:  n>c  simat  ion  of  VC,  . only  applies  to  equation  | I;i7 1 when  k»ll. 

I # K 

b . Cartridge  Case  ( k • I J I 


equation.*  |ScI|,  1*41,  |*i:|.  |Ni4|,  |.V5|,  and  |V6|  apply  to  the 
initial  tooling  necessary  to  ncet  production  requ i renent s for  cartridge 
cases,  with  subscript  k*l2,  and  *Q  . The  total  cost 

sim.it ion  equation  for  cartridge  CSscninItiAl  tMling  »s: 
n_  n_  q 


I 

i-1 


V\ 


i.K 


2 

i»n»l 


YH 


l.k 


2 

i*n»  I 


YC 


i.k 


(4b 


where:  V.  • the  total  cost  of  all  initia  tool  me  necessary  to  ncet 

production  reqin  renent*  for  cartridge  cases  where  k* I.  .ind 
where  all  otlter  factors  are  as  defined  in  equation  |3c7|. 
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TABLE  III  • 0 HC-T  PROJECTILE  (*  8> 
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TABLE  III -14 

COST  EQUATION  SEQUENCE  OE  SOLUTION  FOR  IPE,  TEST  AND  MEASURING 
EQUIPMENT  (TMi ) , AND  1NITEM  TOOLING  (IT) --20nn-30nr> 


1. 


Projectile  (UEIT, 
.APT,  (,  TPTJ(k-lt-V>j 


Equat ion 

Factor 

ipe/tmi: 

II 

-N. 

lal 

Ni.k 

1 

1 

r • 

la’ 

Yi,k 

*> 

la3 

Yk 

J 

• 

lbl 

x»,s 

• 

» 

lb: 

Vi,5 

-Li 

lh3 

V, 

** 

<D 

Yt> 

# 

*r 

lc3 

/*  ‘ * 

Ml 

Ni  7 

It" 

•• 

id: 

Vi.7 

f 

ld3 

Y, 

4 

lcl 
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Ie2 

Y 
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l 

2a2 

Yi.k 

•> 

' • • 


Cartridge 

Link  (k»4)  Box  (k»S)  LAP  (k»b)  Case  (k »’)  Fu:e 

I PE  ATt:-  IT  1PE/TSE  IT  1PE/TNE  IT  IPE/TM!  IT  IPE/TNE  IT* 
11  11 
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tawj:  m -is 

cost  ajunuN  sujutNCi:  or  solution  ion  in:,  n.sr  and  nfasuring 

touirs.vr  (T'l),  AND  INITIAL  TOOLING  (IT)  * CM 31  .Wr»*60n 
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Projectile  (ICT, 
APT  U TP)  ll*S,9» 

2SI 

L\P  ( k- 1 1 ) 

Cartridge 
Case  (If  12) 

Fu:e 

Tiivut  ion 

Factor 

IIT/T* 

n 

in: /to 

II 

ipi/to 

IT 

ipf/to 

IT* 

lei 

S 

l 

lc: 

V 

* 

m 

Sal 

"V 

1 

i 

i 

I 

3a2 

N1,i.k 

* 

• 

3 

y 

m 

3 

* 

* 

3a3 

Y\.k 

3 

3 

3a4 

YB.,k 

4 

4 

s 

S 

3aS 

Yk 

S 

JbS 

^i.n 

S 

S 

3bt» 

yci,ii 

6 

3 i*r 

'n 

3c  1 

*\.12 

i 

1 

3c3 

.12 
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AI^LIN  arrauutiun  procurement  involves  .1  mixture  of  amunition 
obtained  froo  contractor  owned  contractor  operated  (UXX))  plants. 
Government  owned  contractor  operated  (HX»)  plants,  and  Govcmacnt  owned 
Government  operated  (UXD)  arsenals.  However,  most  :im*iit ion  is 
procured  from  OJUJ's  which  support  tlie  Uivcmnent's  .munition  needs 
through  the  runufacture  of  propellants,  explosives,  metal  parts,  small 
ams.  lug  loading,  and  LAP.  I jeh  HdQ)  is  operated  by  a major  IS  corpor- 
ation which  was  selected  on  the  hast*  of  proven  success  in  tlie  runage- 
nent  of  large  production  operations.  It  is  a comon  practice  in  the 
Army**  .mm it  ion  world  to  fuwl  a variety  of  (EU)'s,  (IXIVs  and  private 
companies  contributing  cor^ioncnts  toward  the  final  production  of  a romd 
of  arrunition.  Thus,  the  collection  of  cost  and  production  data  involves 
the  accirulatton  of  data  generated  by  a variety  of  manufacturers. 

Uita  collected  for  this  study  were  taken  from  contract -price 
records  and  product  ion • de 1 1 very  schedules  available  in  the  AfrCOM 
Directorates  of  Procurement  and  Production  and  Quality  Assurance. 

1.  Procurement  Cost  Data 

Tlie  Sinxiry  of  Orders  and  Cost  of  Deliveries  is  a record  of  con- 
tract pricing  which  lists  the  production  quantities  and  costs  for  the 
components  ordered.  This  record  is  created  from  a mr*er  of  source 
docinents  furnished  by  producers  and  ordering  officials.  It  includo 
nonthlv  costs  and  performance  reports  Iron  the  GDCO's,  contracts  and 
delivery  schedules  for  private  contractors,  and  finding  docinents 
awarded  tmlnD's.  The  simarlrntion  of  data  inclines  cost  and  delivery 
data  incurred  during  the  current  reporting  period  and  emulative  cost 
and  delivery  data  incurred  from  the  inception  of  the  proa-rcwit  order. 
Data  provided  arc: 

Currc  : Deliveries 

ttitc  of  deliveries 
<>iantity  delivered 
Total  cost  of  deliveries 
i levied  cost  of  deliveries 

Unfunded  or  Government  furnished  material  costs 
funded  unit  cost 

Total  deliveries  to  date 

emulative  deliveries  froo  inception  of  order 
Average  in  it  cost 
lotal  cost 

lotal  unfunded  or  Government  furnished  material  cost 
Total  funded  cost 
lunded  unit  cost 
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Project i les,  |u  iwt-.,  In:*-.,  ease's,  |uu|vl  J.mt **  .«n.l  linU  :uc 
analvred  »n  t It i » studv.  fracking  quantities  and  costs  fren  tl»c  Sirrury 
of  Order*  .iml  tiist*  of  Ik’ I ivories  required  tlte  analysts  to  review 
approximately  5,uoo  line  cniru^.  Ilipturing  quint  1 1 u*s  .ind  costs  for  a 
specific  rouiKi  of  .trrsaution  required  enllocting  <Lita  aevording  to  the 
canpnncnt*  of  the  rititl  and  any  related  I.V*  opcratiem.  Data  were 
collected  iron  fiscal  year  I*»S7  through  l*»7S. 

2.  Production  Quant itv  Ikita 

H»e  source  ikxinent  s used  to  capture  procurement  data  were  production* 
delivery  schedules  and  aenunit  lon-tLita  cards,  The  prcxiuction*  delivery 
schedule  is  a rwwithly  report  that  is  prepared  hv  each  active  tIXfl  .ind 
ilkl).  Tlie  report  provides  monthly  production  rates  and  final  acceptance 
rates  cf  each  iten.  Hie  .mmition  data  card  is  a delivers*  and  acceptance 
report  reflecting  quant i ties  shipped  hy  a contractor,  till)  or  (1KD. 

Collecting  production  delivery  data  retpiired  an  analysis  of  approp- 
riately 10,01*0  line  entries.  Analysed  production  rates  encompassed  the 
review  of  data  generated  Inn  fiscal  vears  I9$»  through  I'^S.  Hie 
review  disclosed  rewv  instances  in  winch  production  data  were  available 
hut  corrcsjvnding  costs  could  not  he  col lee  ted  because  of  the  -jnavai lability 
ot  the  applicable  Serna ry  ol  Order*  and  Costs  of  Deliveries,  \nnox  A 
demonstrates  these  difference*.  Production  quantities  without  corresponding 
costs  we* re  col  letted  to  use  the  data  for  determining  breaks  in  production. 

J.  Iivk'pcnde-nt  Variables 

llw  independent  variables  reflected  in  this  study  represent  a 
start  at  finding  variables  which  may  ho  used  by  a cost  estimator  to 
predict  recurring  .irreinition  costs.  I irvJmg  variables  which  cover 
the  entire  spectrin  of  ruind  si:es  is  difficult.  At  t.'*e  outset  of  the 
stud.-,  a potential  independent 'Variable  list  was  Jevclopcd  through  a 
coordinated  effort  between  Cost  Analysis,  Hesearch  and  Development,  and 
System  Analysis  pe*rsonne'l.  I1»e*  following  tables  list  tiie  jotcntial 
characteristics  and  classifications  which  represent  those  variables 
deemed  by  this  ,;r»u5>  to  have  high  potential  as  cost  drivers. 


lUn.VTIM.  i.XKIklUU  tHUtU11.lt  I STICS 


Project  i Ic 
Propel  I ant 
lure 
Pnner 

\oltiv 

NtnSvr  af  parts 
Tyj«e  of  nanufacturun; 

Uii^th 


l~irt 


IM.nrtcr 


>lu::lc  ^elocij£ 
KTnctTc  Incrgy 

Rju.jc 

Mot  irua 
l.ffectivc 

(defter  jtj c>mitc 

injxiJj^c 

Ik^in^l  tan:tr  effect 

Uj.jul  area  at  2/3 
rviVirarf  r.U'.nc  * 

Vulnerable  area 

Time  of  riiKbt 


I' Ml  VI IAJ.  VIA^'ll  ICUbrS  tW  111  .Mi  VNU  OM^.VIS 


hi Aj^tni  k\r i< T'  otui  n 

lUvoil less*,  recoil,  j;-,s  recoil,  and  solt  retail 


mmipim.  nimw.vp3» 

5twY  verMiV'luiih  fra>pentation  project  lie* 

St»vl  vrr-'U*  l»r.t->  ver  u-  .tlunaii  cartridge  cases  or  casolow 
Single*  versus  double-  versus  triple-base  propel lams 


nil  or  nu. 

l\7,  rtqi  B,  t‘or»*  *..t,  etc. 


lias 

Inpact- -;>«*»nt  *>r  base  iHcfttfinR 

line-  pvmteclmik  , rxxbmical  tine,  electrical  tine 
I'rnxinitV’TCl  lability  .ind  ac curacy 

I wa\i  i»  i ir.yivntr.Ai.  mm  i itr.s 
Virier  of  -liritniinO'' 

(crj>lexity  of  sidxamit  ions 
Target  effects 

MMT 1 1 NS  Ml J.  Mj  1 IV* ISM 

~ fifror  picrVinV  >Ii  .c.»r  lin;:  -*alot  (\P1N| 


r 


High-explosive  plastic  IIDIT) 
High-explosive  ant  t tank  (IQAIj 
II Implosive  (IU.| 


MPff 


Of  the  potential  Chirac- ter  I St  us  and  classifications,  the  following 
characteristics  were  selected,  and  ijuant  itattve  data  have  been  gathered 
bv  conplete  roioid  or  .irrunition  conjioncnt.  Tlie  nulq>endcnt  variable*- 
are  segregated  by  total  round  and  tnaior  conponents.  Hie  variables  are 
further  segregated  into  physical  characteristics,  perfomancc  characteristics, 
and  conliin.it ions  of  physical  xod  performance  charact crist ics. 


uiuuautisTics 


unu  it* nii  ouRufflJttsrics 


<jwbim\twks  of 


nnsii.M. 

11  RlOkMWH 

IlhSICM.  AM)  11  HI 

weight 

mrrle  velocity 

kinetic  energy 

diameter 

range 

rumen  tin 

vo  line 

chamber  pressure 

kinetic  energy 

length 

11  JT??!  y .vrj]  i\rv  ir  hist  n 5 

Project  1 les 

Total 

Ijtplosive 


lures 

”oiri*er  of  parts 
(Ases 


IAP 


i;rm* 

Propel  I ;uits 

Wight 

ITktc  are  several  indcjicnJent  variables  which  would  appear  to  pc 
very  Rood,  fhese  variables  are  expressions  of  target  effect,  e.g., 
amor-penctration,  fragmentation  effect,  etc.  However,  research  disclosed 
th.it  no?  one  of  thc-.c  nearures  was  consistently  applied  through  history. 
Therefore,  these  neasurcs,  or  target  effects,  have  liccn  left  for 
later  research.  (Sec  section  IV). 


r>:t 


There  .in*  several  cunjvmut  cluracterist  ics  which  are  l-nown  to 
Rive  good  OK's.  Two  examples  are  primer  weight  and  surface  area  of 
t Ik*  cartridge  case;  however,  Mich  independent  variables  air  useless 
to  the  estinatur  developing  an  11*11.  in  the  concept 'formulation  phase  or 
validation  phase  of  the  life  cycle.  Use  of  such  independent  variables 
was  not  cons itlcrvd.  TWo  conponent  characteristics  used  frequently  in 
this  study  an*  projectile  mass  and  Ism?  sire.  Use  of  these  carijx.nent 
characteristics  is  defended  on  the  grounds  that  target  effects  con 
be  used  to  infer  project i le  mass  and  lore  m:c;  therefore,  they  becune  legitimate 
in.' -pendent  variables. 

Pie  following  are  definitions  of  variables  used  in  the  studv: 

height  includes  the  nuninal  weight  of  tin*  complete  round  .uiJ  all 
comjoncnts  with  a standard  fu:e.  fixed  rotenls  include  total  cartridge 
weight;  semi'fixed  aiwl  sqvirate  rounds  include  the  weights  of  the 
total  separated  continents  c.g.,  projectile,  case,  and  propellant. 

Kangc  is  t fie  ruxirxn  distance  in  yards,  or  the  effective  distance 
which  the  DNiid  c.m  jvrfom  its  designed  function  when  range  is 
not  a criterion.  It  o tl»e  approximate  range  expected  when  firing 
a stationary'  weapon  at  the  nusi  favorable  elevation,  under  normal 
atmosphere  conditions,  with  loth  weapon  and  projectile  impact  at 
sea*  level  altitude'. 

l'ory_Si:e  is  tlic  diameter  of  the  bore  across  the  rifling  flits  of  the 
weapon  Tiring,  tfie  imumt  ion. 

^lirrjjjp  Velocity  is  the  sjieod  of  the'  projectile  measured  in  feet 
pe'r  Vovo'n'J. 


Projisrj i U*_ >bss  is  that  value  dotemimd  bv  dividing  projectile 

we i i:lit*Vy  the  force  ol  gravity,  which  is  32.2  feet  per  second  squared. 

'fcinentjet  is  a product  of  projevtile  nass  and  nu:;lc  velocity. 

Kinetic  Incrgy,  m expression  of  velocity,  is  the  product  of  ruirlc 
ve  locity  Vijuired  and  1/2  the  russ. 

(Jianhcr  rrcssiire  is  the  pressure  linit  developed  by  the  propelling 
charge  to  proJiwe  a specified  project ile-mu:zle  velocity. 

In  addition  to  the  indepnidcnt  variables  developed  for  tiic  physical 
;ind  |>erfomancc  character i sties,  consideration  was  given  to  the  quant i tv, 
and  the  cost  rclat lonship.  Costs  nav  l»c  materially  impacted  as  a result 
of  tlic  quantity  of  a given  roi«»d  or  family  of  rounds  produced  in  a 
given  year. 

Annex  (I  details  tin*  independent  variable  values  used  in  this  studv 
for  conplctc  round  and  by  i onjsxicnl  as  cross  inJcxcd  one  to  another. 
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n.  ANA1.YS1S  OH  UiARNI\(. 

Application  of  cost  improvement  curves  adds  great  flexibility  to 
the  estimator's  tools.  It  allows  single  CKR’s  to  be  applied  easily  to 
a wide  range  of  procurement  quintitics  with  relatively  simple  calculations. 
Therefore,  it  became  a prime  objective  of  the  ammunition  cost  research 
project  to  develop  CI.K's  which  could  be-  ecu'  led  to  learning  rates  where* 
ever  possible.  To  accomplish  this  objective,  several  critical  questions 
haJ  to  be  answered. 

What  arc  the  proper  learning  rates  to  lx*  used  for  each 
comjwncnt  as  strung  that  there  will  prohably  he  more  than  one 
producer? 


Hoes  level  off  occur?  If  it  occurs,  at  wbat  point  does  it 
occur? 

Ito  variations  in  production  rates  influence  the  theoretical 
first -unit  cost? 

Do  variations  in  production  rates  influence  the  learning  rate? 

Do  breaks  in  production  require  that  adjustments  be  made  for 
loss  of  learning  in  urrunition  cost  est unates? 

1.  Methods  used  for  the  analysis 

a.  Normal i ration  of  the  data  for  inflation 

The  historical  cost  data  and  estinates  contained  in  Annex  A were 
normal ired  to  1Y-74  dollars  because  the  final  inflation  rate  for  FY*75 
was  not  available  at  the  tine  the  data  were  normalized.  ARMWI  Circular 
3*-l  dated  9 .June  I9"3,  "Inflation  and  Price  escalation  instruction  for 
Ammition,**  was  used  for  fiscal  years  I960  and  following.  Before  FY  60, 
hholesale  Price  InJexcs  for  metal  and  netal  products  were  applied.  These 
were  found  in  the  MKXM  publication  dated  6 *fciy  1974,  ‘Historical 


Inflation 

InJiccs".  Die 

indexes 

actually  used  arc: 

Under 

Over 

Under 

Over 

nr 

30nm 

30m 

n 

30m 

30m 

7S 

0.83 

0.83 

66 

1.49 

1.49 

74 

1.00 

1.00 

65 

1.S3 

1.62 

73 

1.12 

1.10 

64 

1.55 

1.68 

72 

1.18 

1.15 

63 

1.57 

1.73 

’1 

1.23 

1.22 

62 

1.58 

1.76 

70 

1.26 

1.28 

61 

1.59 

1.78 

69 

1.41 

1.3S 

60 

1.60 

1.80 

68 

1.47 

1.42 

59 

1.59 

67 

l.SS 

1.46 

58 

1.66 

S7 

1.68 
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I*.  Selection  of  data  for  cahulat  ion  *»f  consol  idated  learning  rates 


ll)c  following  criteria  were  establ  islied  for  select  in):  historical  cost 
data  for  ninning  learning,  curves. 

The  conjmnent  n»et  have  two  nr  rune  consecutive  years  of 
production  cost  history. 

Mien  production  breaks  of  two  or  r»*re  years  occurred,  only  the 
product  ton  cost  history  prior  to  the  break  was  list'd. 

Mien  a production  break  of  one  year  occurred  o»J  a reduced 
cost  was  experienced  after  the  production  break,  the  break  was 
ignored. 

Mien  the  constant  year  cost  data  lor  IT  "s  through  IV  "$ 
apivared  inordinately  high  compared  to  prior  years,  only  production 
cost  history*  for  IV  ~2  and  before  was  used. 

Teaming  curves  were  developed  for  each  protlucer  by  iten  within 
each  conjionent.  Pie  following  criteria  were  then  established  for 
determining  which  learning  curves  would  l«e  used  in  developing  a composite 
learning  rate. 

Individual  learning  curves  of  Iimi  jvreent  or  higher  were  excluded 
because  cost  increases  are  attributed  to  causes  othei  tlun  learning. 

Ixtrene  learning  curves  in  the  lower  range  were  also  eliminated. 
Generally,  this  excluded  any  learning  curves  less  than  Ktl  percent. 

c.  i alcul.it  ions  of  the  corpus itc  learning  rate 

• Sk»  the  leamtint  results  had  been  sv r i*eficd  using  the  criteria 
outlined  above.  cwjiositc  learning  rates  by  component  were  determined, 
lbe  regression  fom  used  in  developing  the  composite  learning  rates  is: 

V • \Vl< 

lo  noma  lire  l hr  io>t  %Lit;i  lor  each  learning  curve*  the  theoretical 
first  unit  tost  Kj>  srt  iN|iul  to  l.fl*  The  ratio  of  l.o  to  the  original 
theoretical  first -unit  cost  was  applusl  to  tin*  actual  lot  average  unit 
costs  resulting  in  nom.il  ired  lot  average  m;t  costs,  Sin^c  the 
theoretical  first  unit  costs  were  set  equal  to  1.0t  the  regression  fom 
ahove  reduces  to: 


fctscd  upon  1 incar  regression  theory 


B - 'Z  IjiY 

where:  B « llxponent  corresponding  to  the  composite  learning  rate 

Y • Normalised  lot  average  unit  cost 
X • Computed  algebraic  lot  midpoint  corresponding  10  Y. 

The  composite  learning  rate  was  determined  using  the  following  equation. 
Learning  rate  • anti  log  (0.30103  B ♦ 2) 

Using  the  composite  learning  rates,  theoretical  first-unit  costs  were 
calculated  for: 

Item  prodiwers  not  included  in  the  composite  learning  rate 
determination  for  which  production  cost  histories  were  available. 

Component  items  for  which  historical  production  cost  data 
were  not  available  necessitating  estimates. 

2.  Results. 


a.  Composite  learning  rates: 

The  composite  learning  rates  developed  are  as  follows: 
COMIX; ITT.  LEARNING  RATES 


Composite 

Learning  Number  Not  Not 


Component 

Rato 

Range 

Used 

Used 

Usable 

Total 

Projectiles 

92.6*. 

98.9-83.0 

35 

10 

70 

115 

Cases 

94.3*. 

99.1-82.1 

20 

7 

9 

36 

Primers 

Percussion 

89.7* 

98.7-84.9 

7 

S 

2 

14 

Electric 

80. 3*. 

80.3 

1 

0 

S 

6 

l:u:cs 

91 . r. 

99.2-84.0 

17 

9 

33 

59 

lor  corplctc  backup  detail  of  this  analysis  sec  Annex  VE. 


Composite  learning  rates  were  not  obtained  for  LAP,  explosive  fill, 
propellants,  and  links.  This  result  substantiates  the  level-off  concept, 
at  least  for  these  components.  There  is  insufficient  initial  production 
data  to  establish  where  level  off  occurred. 


I».  kffccts  of  production  breaks  on  learning  loss 

Aj»  increase  in  the  unit  cost  after  a production  break  is  defined  as 
a loss  of  learning,  lor  aminitton,  there  is  overwhelming  evidence  that 
there  is  not  a loss  ol  learning  as  a result  of  breaks  in  production. 

The  following  statistical  results  have  been  gathered. 


Nunhcr  of  breaks  in  Production 

Ixiss^  of  ! 

.earning  Occurred 

x?‘ 

** 

1 year 

More  than  1 year 

1 year 

"^•Crc  tlian  1 yen r 

- 

Project i les 

6 

H 

1 

o 

0 

Cases 

1 

* 

It 

1 

n 

• 

Primers 

S 

mm 

it 

% V 

lures 

4 

n 

1*7 

\1 

1 

T 

Ihn  analysis  shows  that  only  two  cases  of  teaming  loss  resulted  in 
thirty- four  product  ton  breaks  examined.  Therefore,  t!*e  estimator  should 
not  nuke  adjustments  for  a learning  loss. 


e.  I.ffccts  of  variation  in  product  ion  rate 

Inspection  of  the  data  leads  to  rejection  of  the  hypothesis  tlwit 
the  rate  ol  learning  is  determined  by  the  production  rate.  However, 
as  will  (k?  seen  in  the  CJJt  |x)rtion,  section  1 1 II.,  production  rate  i< 
a fairly  good  predictor  of  unit  costs  for  LAI*.  The  production  rate 
is  correlated  with  the  theoretical  first -unit  cost,  hut  cut's  reflect- 
ing this  relationship  were  rejected  in  favor  of  statistical lv  superior 
CLR  s. 


/ 


# 


r>8 


\ 9 


H.  DTYliLDPMNT  OF  tJlST  LSTIMVTIXr.  WLATPYKIIIPS  AM)  (1)S7  FACTORS 


1.  Description  of  Mctliods  of  Analysis 

The  cost  cstim.it in*:  relationships  (C'F.R's)  presented  in  this  study 
were  developed  us  inf,  the  biomedical  ^iltiple  Recession  with  Case 
Combinations  computer  prop. rum,  HMIH*3R.  The  computer  program  is  a 
standard  regression  analysis  package  which  allow*  the  analyst  the 
flexibility  of  transforming  initial  independent  and  dependent  variables 
to  test  various  equation  forms  against  the  desired  dependent  variable. 
Also,  the  analyst  can  combine  independent  variables  in  a logical 
manner  to  generate  additional  indejiendent  variables. 

Regression  analyses  using  appropriate  physical  and  performance 
characteristics  as  independent  variables  and  costs  as  the  dependent 
variables  were  performed  at  the  following  anrtinition  corponent  levels: 


a.  LAP 

b.  Projectile 

c.  l-xplosive  fill 

d.  Case 

c.  Propellant 

f.  Primer 

g.  Link 

h.  Fuze 


CCR's  providing  the  best  statistical  results  were  further  analyzed  to 
determine  whether  the  addition  of  another  independent  variable  or 
the  transformation  of  an  existing  variable  improved  the  statistics. 

because  of  a relatively  large  quantity  of  independent  variables 
including  initial  variables,  variable  conbia^tions,  and  variable  trans- 
formations, a multitude  of  armunition  component  CCR's  resulted.  To 
select  the  best  one,  the  Cl.R’s  were  screened  using  the  following  criteria. 

The  cost-driving  or  independent  variables  must  make  sense.  For 
example,  generally  the  larger  the  horc  si2e  the  greater  the  LAP 
cost. 

The  percentage  of  the  total  variation  explained  by  the  regression 
equation  was  required  to  be  high  enough  to  pass  the  F test  at  a 
99  percent  level  of  significance.  If  a CLR  passes  the  F test  at 


this  level  of  significance,  it  is  interpreted  to  mean  that  tin? 
probability  is  less  than  0.01  tnat  the  disparity  between  the 
calculated  cxplainel  aid  unexplained  variations  is  due*  to  chance. 

If  two  or  nore  CliR's  met  criteria  a.  and  h. , the  CER  with  the 
minintim  mean  absolute  percent  deviation  (MAPI))  was  selected. 

Mr\Tl)  is  defined  as 

N 


wlierc:  • actual  dependent- variable  value 

-•  • estimated  dependent-variable  value 
N • number  of  obscrvnt ions 

MM'D  is  interpreted  as  the  average  |>ercent  that  the  CI.R  estimated  values 
deviate  from  the  actual  values. 

The  coefficient  of  variation,  defined  as  the  ratio  of  the  standard 
error  of  estimate  to  the  mean  of  the  actual  dc,  undent -variable 
values,  was  minimized.  The  coefficient  of  variation  is  used 
in  comparing  two  or  more  DJI's  |>ossessing  the  s;ine  dependent 
variable  but  with  a different  nimbcr  of  observations.  It  is 
emphasized  that  the  dependent  variable  used  in  the  coefficient  of 
variation  needs  he  exactly  the  same  when  comparing  G.R's. 

a.  load  Assemble  and  Pack 

Loading,  assembling  and  packing  (LAP)  costs  cover  the  costs  of 
component  jsscnbly  into  a complete  tound  ready  for  shipping.  These 
costs  include  the  packing  (including  steel-ready  boxes)  anil  other 
materials  (bundling,  dunnage,  pallets,  etc. ) normally  purchased  by  the 
00C0  plant. 

Hie  learning  curve  analysis  on  LAP  costs,  section  1III),  failed  to 
provide  sufficient  evi  lence  for  developing  meaningful  theoretical  first- 
unit  costs.  The  LAP  regression  analysis  was,  therefore,  conducted  using 
the  average  unit  cost  puli li shed  in  Annexes  A and  H as  the  dependent 
variable,  When  more  than  one  LAP  contractor  produced  the  sane  item, 
the  weighted  average  cost  was  used. 

The  data  set  used  (or  this  analysis  covered  fixed  arminition  types 
in  the  AP,  TP,  III.  and  I OAT  categories.  Rccoi  1 less*  rifle  round  data  were 
excluded  due  to  the  differing  physical  performance  principles.  Hi:  and 
HI  AT  data  were  combined  into  a single  class  since  separate  treatment 
would  have  resulted  in  insufficient  data  for  both  cases. 


Results  am!  RcconnenJ.it ions 
Preferred  predictor:  IF  and  HEAT 
Ln2  « O.Rh.39  ♦ 2.1143  LnX 
or  2 • 0.00 KMS  X2-1143 


where:  2 - the  estimated  unit  cost  in  FY-74  dollars 

\ • the  bore  size  in  millimeters 

Statistics: 

Coefficient  of  determination  ■ o 952 

Standard  error  cf  estimate  in  Ln  form  - 0.292 
Mean  absolute  percent  deviation  - 16.1 

lasses  F test  at  95  percent  level  of  confidence 


ci:r  Ii\TA 


Cart  ridge 


Bore 

Size(rmi) 


Actual 
Unit  Cost 


estimated 
Unit  Cost 


MS6A3  fflil 
M2 16  l£IT-SD 
M48  in: 

M3S2A1  HE 
M3  4 AM  I Ov\T 
M393A2  KEPT 
M456  IflAT-T 
m7lai  in:* 

M7i  1 in* 

M431  IfLVT-T 
M431A1  HEAT-T 
M43LX2  I FAT 
M4'.»6  I FAT 
XM657  MET 
XXU09  I DAT*  1X0* 


20 

20 

75 

76 
90 

105 

105 

90 

90 

90 

90 

90 

76 

152 

152 


$0.50 
0.62 
9.32 
9.32 
12. 80 
13.18 
! 3.  26 
13.42 
13.42 
14.30 
15.56 
15.63 
22.86 
42.88 
50.04 


$ .S9 
.59 
9.62 
9.90 
14.15 
19.60 
19.60 
14.15 
14.15 
14.15 
14.15 
14.15 
9.90 
42.85 
42.85 


*0ata  point  duplicated  becaus** 
M7L\1  r,  M71  rounds. 


of  a velocity  difference  between  the 


frm  Ik  ,llC  iin,ic'PatcU  lnnual  production  rate  significantly  deviates 

r™  C,™ianK0f  ?.hc  ”tC5  includcd  •"  study's  data  base  it 
recomcnded  that  the  following  formula  be  used:  ’ 


Lnl  - -4.1294  ♦ 1.6819  Ln.<  *0.  1743  IjiY  or 


Z » 0.01609X1.6819  Y-0. 1743 


where:  2 • Estimated  unit  cost  in  FY-74  dollars 


G 1 


Standard  error  of  titrate  in  In  fom  • 0.3SI 
Stan  absolute  per  m deviation  • 23.4 
Passes  p test  at  9>  |*erccnt  level  ol  coni iJcncc 
N • 12 


Product  ion 
Rate  Per 

O R IttTA 
Projectile 

Actual 

Cst inated 

Year  (k) 

Miss 

• hut  Cost 

Unit  Cost 

MS  532  TP 

IS. 581 

0.0068 

SO.  IS 

SO.  10 

M220  TPr 

3,802 

0.0071 

0.17 

0.17 

MSSA1  TH 

3,600 

0.011b 

0.29 

0.S4 

M2 06X2  117 

16S 

0.0083 

0.S8 

0.S2 

Mb  3 TP 

3,600 

0.0S00 

0.63 

0.61 

M9I  ITT 

1,200 

0.0609 

0.98 

0.99 

54490  117 

339 

0.60S7 

7.74 

7.20 

5MS6  117 

St 

0.69S7 

8.64 

13.32 

M34a\l  117 

60 

0.4S03 

8. 80 

9.  SI 

M3  SIM  T17 

238 

0. 7484 

10.  SI 

8.47 

M391M  TI7 

69 

0. 7702 

10.89 

12.90 

Mill  TI7 

S3 

1.3322 

34.  s: 

20.01 

Preferred  predictor:  AP 


Ini  • 2.?627  -O.OOlSSt  ♦ o. 312?lnY 

where:  I • llstinatcd  imit  cost  in  IT- 74  dollars 

\ • Average  annual  production  rate  in  tlxtu^inds 
V • Projectile  nass 

Statistics: 

Coefficients  of  determination 
Multiple  • 0.915 
Partial 

2X.Y  » n. J26 
ZY.X  • 11.082 
XY  • 0.9l» 

St.uvl.irJ  error  of  estimate  is  In  fom  • 0.343 
'ion  absolute  percent  deviation  • 24.7 
Passes  r test  at  99  percent  level  of  confidence 
N • 7 


Cart  r i Jjjc 

M81A1  AJT 

vnsi 
M3  59  MT 
M3  IRA l AIT 
M38&U/A2  AIT 
MOlAl  A1VI 
M?7  AIT 


Prcshiction 

Kate  Per 

Projectile 

Year  {%) 

‘tlNS 

»:co 

,0609 

6S 

.7702 

16 

.4503 

31 

.7484 

1 HO 

. 4087 

180 

.4627 

180 

.7267 

Annual 

1st  mated 

Ikut  Cost 

Unit  Cost 

$ 0.93 

$ 1.03 

9.06 

13.20 

10.  IS 

12.04 

11.19 

13.79 

11.96 

9.06 

12.93 

9.42 

14.10 

10.8S 

\n  attend  was  «.wk-  to  improve  AP-iwnd  estiruting  by  conhining 
the  AP  and  TP  data  sets.  This  ccnhinat »on  was  wdc  to  incrwje  data 
point*  to  |9  frm  the  seven  point*  applicable  to  the  AI  rou*L*.  The 
best  resulting  fora  km: 


I j,;  • *.8277  • 0.251 3 LnX  * 0.713!  IjiV  or 
: • 4S.9S6?  x'^-alSyO.Tni 


where:!  • estimated  i«itt  cost  in  IT-74  dollar-* 

\ • Average  annuil  production  rate  in  thousands 
Y • Projectile  nass 


Statistic*: 

Coefficient*  of  detemtnat ion 
'iiltlple  • 0.9SS 
Partial 

;\.Y  • 0.404 
:y.\  • 0.827 
XY  • 0.612 

standard  error  of  estmate  in  Iji  fore  • 0.38/ 
'k-an  absolute  percent  deviation  • 29.6 
Passe-*  l te*t  at  99  percent  level  of  confidence 

X • 19 


The  man  al*-*olute  j'ercent  deviation  is  29.6  and,  therefore,  i* 
not  as  Liable  a*  tte  preferred  fom*  for  either  AP  or  TP  e*ti*»tmK. 

Simlarlv,  the  data  for  all  type*  of  maxis  were  combined  to 
Jetem.ne  if  increasing  the  level  of  aggregation  «uld  inprove  the 
predictive  characteristic*.  The  best  result  was  the  fora. 


I.m!  • -4.5242  * 1.8218  LnX  -0.2711  InY  or 

. p ,1.8218^.  0.2T11 


where:  2 • estiruted  ant  cost  in  IT-74  dollar* 

X • tore  six  in  oi  11  meters 

Y • Average  annual  production  rate  In  thousands 


— 


f t 
/ 

• 8» 


/ 


/. 


/ 


/ 


/ 


^ • 

/ 


X ■ More  size  in  nil  I meter* 

Y • Average  annual  production  rati*  in  tlmusand* 


Stalistic^: 

Coefficients  of  Jctcrminjt ion 
Miltiple  • 0.%/ 

Partial 

zx.y  • o.o 

ZY.X  • 0.305 
XY  • 0.7J2 

St.in.lirJ  error  of  estimate  in  lot  for»  • U.2S3 

Stan  absolute  percent  Jevi.it ion  • 18.4 

Passes  the  I test  at  the  99  jiercent  level  of  conftJencc 

N • IS 

(IK  HVTA 


Product  ion 

Actual 

Cst  irul 

lore 

Kate 

Unit 

Unit 

Cartridge 

Si zcinw) 

IVr  Yeir(k) 

(!ost 

Cost 

MStkV3  IU  1 

:o 

10,9.87 

- S 0.  So 

$ 0. 44 

M246  III  ir  sn 

:o 

1.3S7 

o.<>: 

0.71 

Hi  8 10. 

7S 

48 

9.3: 

11.68 

vaszu  in 

7t> 

48 

9.32 

11.94 

M34HX1  la.U 

90 

i:o 

i:.bo 

13.S2 

M39SX2  !li  IT 

10S 

s: 

13.18 

18.73 

M*S6  I0AT-T 

I0S 

in: 

13.26 

18.03 

'rixi  ib 

90 

lio 

13.42 

12.  M> 

NPl  III. 

90 

180 

13.42 

12.60 

'uxi  IIAM 

90 

i:o 

14.  ZD 

r>.s: 

M43LX1  IBAM 

90 

120 

IS.S6 

13.S2 

H34IX2  in  AT 

on 

IM 

IS.  (.3 

I3.S2 

H496  Ill.U 

"ti 

:s 

22.*. 

13.38 

X>bS7  IQ  1 

is: 

IK 

12.88 

4S.44 

X7U09  IQ.M  PI* 

is: 

13 

50.04 

30.04 

Prefer reJ  preJutor:  IP 

IjC  • 4.1000  0.324?  LaX  ♦ 0.I4S3  LnV  or 

I • Ml. 3403  x'0*3-4^0*64-*5 

*herc  2 • estirutcJ  in  it  cost  in  FY*  74  Joll.irs 

X ■ average  annu.il  production  rate  ir  thousands 
Y • Projectile  fuss 

Stat 1st ic>: 

Coefficients  of  tJctcminat  ion 
Miltlplc  • 0.‘J7’ 

Partial 

ZX. Y  • O.t.Vl 

ZY. X  > 0.878 
XY  • 0.SX8 


4 


i 


ET 


Statistics: 

l^cfficjcnts  of  dctcrairut  ion 
Hiltjplc  • 0.9^4 
Partial 

*X.V  • 0.690 
XY.X  *0.304 

J ”3  f «e„  „ „ percent  level  of'connjenee 


»;.*> 


I rojcvt  ilf  rv.al  parts  costs  inclule  procurement  costs  of  all  l»xlv 
m5!  'LCU  ,^  nr  ?*;tf  *****  in,n  ,,H‘  ••'**  operations.  The  costs 

iik  likk*  profit  .inJ  fiT>. 

S!(*c  h*-m,,n«  h-*'  encountered  in  pro u, tile  procurtnent , section 
'*  .*  *.'5  rn.jccf.lc  dependent  variable  is  tl:e  theoretical  lirst  unit 
,hhc?  vost  Ja,‘  wcrt>  available  for  r».io  than  one  producer.  the 
thcorvtu.il  first  unit  cost  included  in  the  regression  milvscs  was  ;u» 
average  ol  tlic  theoretical  lirst  unit  costs  of  j||  producer's. 

rhe  theoretical  first  .<n,t  costs  for  ID..  \|'  and  ri’  rouwl  tnes  were 
lFZTX!  ;V,,n>!  •',!  Jl*as«»v.|.|e  ,n'l'*|vn»lcnt  variables  resulting  m the 
r ?.  ,1C,  K'°.ri'tu'-!1  f,rs*  "n,,  COsr  versus  the  In  of  bore  si;e  proving 
«>l  t°i\  rri-dutor.  Ihi  addition  ol  velr-itv  relate!  variables,  * 
nonentin  and  kinetic  energy.  was  attenpted  to  increase  coefficients 

Vut\C^\T-  ,J?hrVC,r*  of  thc  cejuation  foms  resulted  in 

1 logical  relationships  since  the  theoretical  first-nut  cost  varied 

rejUfoir  k‘lh  XVltKttY  rcl,,UHl  w,9h,«'  n«e  foms  were,  therefore. 

The  ID  preferred  predictor  include-  rr«cution  rounds  for  nediuv 
bore,  tank,  recoi  I less  r 1 1 le  and  howitrer  aj»pl  icat  ions,  ihe  Ap  preferred 
l.  V‘  !itor  'nc,‘KJcs  rounds  for  nednn- lop. , tank  and  howi t:er  applications 
The  T1  preferred  predictor  includes  mind*  lor  nediin-hore  inJ  tank 
applications.  Hie  rcc-mcnded  predictors  are: 

Preferred  predictor:  Hi: 

IjnZ  • ■ I .K'*3  • |.V\*.i  I n\  or 

: » O.IHT.I  X1** 

sin-re:  : • |.sti*vited  theoretical  first-iaut  out  in  IV"4  > In  liars 
X » Itore  sire  in  ni 1 1 ,-ietrrs 


Statistics: 

inefficient  of  Jetemmar  ion  • O.'AZ 
standard  error  of  cstinatc  in  Iji  fom  ■ I*.  S«M 
‘Iran  absolute  percent  deviation  • XX. i. 

Passes  I test  at  <•»  percent  level  of  confidence 
\ * lb 


UK  IHTA 


M5hA3  Hi  ! 
HJOtvM  iu: 
M60  10. 

'W8  10; 
M352/A1  10. 
M7J/A1  I0T 

Ml  iu: 

MSSft  IDT 
OfrS?  I0.T 
M107  io: 
M449  IQ; 
MS49  in: 
M483  io: 
.'W37  10. 

Ml  00  10: 
?M04  10. 


Preferred  predictor:  Al* 

IjC  • -3.9018  ♦ 1.7971  IjiX  or 


Bore 

Actual  First* 

Hst imated 

Si  re 

Unit  Cost 

Unit  Co- 

20 

8.27 

11.22 

S'' 

94.45 

47.30 

75 

127.51 

68.96 

7S 

62.86 

68.% 

76 

63. 59 

70.22 

90 

68.88 

88.  S9 

105 

44.04 

109.49 

120 

183.86 

131. S3 

152 

217.07 

182.00 

1SS 

100.47 

186.% 

15S 

114.69 

186.% 

155 

227.92 

186.% 

15S 

466.49 

196.% 

PS 

197.74 

220.88 

203 

269. S3 

270. 84 

20? 

2S9.01 

270.84 

l.*971 


: • 0.0:021  x 

where:  Z • Fstinated  theoretical  first-unit  cost  in  FY-74  dollars 

X ■ Bore  sire  in  mi II meters 

Statistics: 

Coefficient  of  determination  ■ 0.943 
Standard  error  of  estimate  in  Ln  fora  • 0.272 
'fcan  absolute  percent  deviation  • 17.2 
Passes  F test  at  99  percent  level  of  confidence 
\ — 8 


MS 3 API 
MHIil  ,VPT 
Mt.lM  APCT 
M33&A1/A2  .APT 
M339  AJ7 
M3I8A1.  AJ7 

>r  7 apt 

M3S8  AFT 


iVjrc 

Sire 

20 

40 

7S 

75 

76 
90 
90 

120 


a.R  DATA 

Actual  First- 
Unit  Cost 

4.47 

IS. 42 
38.59 
33.91 
SS.34 
107.80 
68.56 
94.09 


r.st mated  First- 
Unit  Cost 

4.40 

15.29 

47.33 

47.33 

48.47 

65.68 

65.68 
110.15 


G 7 


Preferred  predie tor:  TP 


Lie  • S.SHM  ♦ 2.I30.S  l.n\  or 
'£  • 0.00J74?  X**I3US 


“here:  Z • 1st  mated  theoretical  first  tent  cost  in  1-7  *74  Jo  liars 

X • Horc  si:e  tn  millimeters 

Stat ist ics: 

Coefficient  of  determination  • u. *»3 1 
Standard  error  of  estimate  in  Ij»  forn  • 0. MS 
Mean  absolute  percent  deviation  • 32.0 
Passes  1 test  at  99  percent  level  of  confidence 


N > Hi 


C1R  UWA 


Pore 

Sire 


Actual  first* 
Unit  Com 


1st  incited  first 
Unit  Cost 


MS5A2  TP 

m:i:  t**t 
'1221  Trr 

Mt*3  TP 
MSSAI  1PI 
M91  TPT 
M340A2  TIM 
M3S3  TIT 
'1489  TPT 
'MU\|  fPI 


2« 

20 

20 

3: 

y 

40 

?t» 

90 

ins 

IS2 


3.26 
2.00 
1.43 
10.43 
•».  SO 
12.82 
21.80 
37.% 
71.08 
2l»9.01 


8.22 
9.70 
38.09 
54.M 
75.83 
It. 6.  "8 


1 

► 


c.  explosive  Fill 


tarc.t  nfr^  r n f,iKCJ  ?'!!""  ,I|C  Projectile  lo  achieve  a .Wired 
ofv^l  ™ "■«  eeplesive  f.M  cos,  pred.ctors  only  cover  the  us* 
composition  B,  TNT,  and  in  a very  few  instances,  composition  A- 5. 

the  d'cvJlo,™?  n?rM  j?1*!!"1!  not  provide  ***Wcicnt  evidence  for 
Anu.  r ! f lhcorct‘c*al  first-ieut  costs.  The  costs  used  arc 

onl>  from  the  latest  years  of  manufacture  because  TNT  production  has 

??V,dr*nU,‘f  ,n  tcc,,nol°R>-  TIk?  Pvamifactiirinjj  process 

£r  ci  ?,,hf  ^tch  method  to  an  automated  method.  Coincidentally 

°l  dcnand  for  And  the  cost  of  petrolJui 
JliS  n.^l  n prodlKt'  has  risen  ^ter  than  the  escalation  factors 
would  indicate.  ,hc  sua  effect  of  these  chants  resuln*d  in  the  ^c?Hon 

o u:.e  the  latest  production  prices  rather  than  I960- 1970  historical  costs 

«-«•»  71,0  ,^dc»’c"dcnt  variable  best  suited  for  estimating  explosive  fill 
costs  ,s  bore  sire.  Other  factors  affectinR  the  explosive  f P cost, 
were  not  available  for  all  rounds  and.  therefore.  St  siitawi! 

Results  and  Recorncndations 


Preferred  predictor:  WAT 

lii:  • -12.3829  ♦ 2.67(16  LnX  or 
Z ■ (4.18%  X 10*b)  X2.6706 
wlicre:  Z * estimated  unit  cost  in  FY-74  dollars 

X » Bore  sicc  in  millincters 

Statistics: 


(Coefficient  of  determination  • o 944 

Standard  error  of  estimate  in  Iji  form  • ol  ISO 
.lean  absolute  jierccnt  deviation  »10.0 

\ -^n  F tCSt  at  " pcrccnt  lcvcl  of  confidence 


OR  IWTA 


Bore 


Cartridge 

Si  ;c 

MSIWA1  IflAT 

75 

MWi  IQAT-T 

75 

’M%  IOAT-7 

76 

M371  IIIAT 

90 

MIX!  MAT 

90 

umxi  iflrf\T 

90 

M324  KUT-T 

105 

M456  I0AT-T 

105 

M344A1  IfcAT 

106 

XM*09!;S  IflvAT- T 

152 

Actual 

Estimated 

Unit  Cost 

Unit  Cost 

50.43 

50.43 

0.45 

0. 43 

0.47 

0.44 

0. 74 

0.69 

0.52 

0.69 

0.67 

0.69 

1.32 

1.05 

0.92 

1.05 

1.20 

1.07 

2.71 

2.81 

r,fi 


Preferred  predictor:  iu 


Ln-  ■ *I3."'I34  ♦ ,3.(ru|  |j|\ 

: ■ ( 1.02:4  * i<*u> 

fctore:  ; • Istinuted  unit  cost  in  jy  "j  <!»||.Us 
\ • Bore  >i:e  in  mil  meter* 

Statist ics; 

Coefficient  of  Jetemm.it  urn  . n.j,*| 

St.inJ.ii  J error  of  e>t  irate  hi  |j»  fom  * «'.S?| 

'k-.m  absolute  percent  deviation  . " 

Passes  I te>t  .it  •»'.»  percent  level  of  confidence 

o n pua 

. . , tore  Vtail 

S»;e(mj  tojJMost 


'tKJ  10 

|0 

MVin\|  io 

• «• 

M30-AI  III 

* at 

•>  • 

M4g  m. 

M42\|  III 

M33J  ill 

"fl 

M’lAl  III 

0(1 

M*|  10. 

•HI 

*:j  >i  in 

911 

M3J3  10. 

IMS 

Ml  in. 

103 

Min  in 

IUj 

M.348  10 

|r>5 

M.\\  | Hi 

li  r 

M32'.»  HI. 

In- 

M4ci'.»  IC.l 

Co 

M33o  10  1 

Co 

*>•31.:  II!  ! 

|3  Z 

Mi  'i  in 

133 

MIO*  III 

135 

M3  iu  in. 

1 55 

fims  in 

203 

Ml '16  III 

:o> 

Preferred  predictor: 

in  n 

I st  irutej 
Unit  Cost 


?0.|M, 

<0.0*1 

•».:i  . 

o.:<» 

n. r 

n.2fc 

i».  V* 

O.no 

5.8" 

0.6.3 

0.63 

0.63 

o.-i: 

1.06 

0.6,3 

1.06 

O.'KI 

1,06 

I.HJI 

l.*l 

2.14 

1.’! 

o.  r 

l."l 

2.21 

l.-l 

3.  OH 

I.. SI 

3.0H 

1.81 

I . *.M 

:.3s 

.3.41 

:.ss 

.3.  “6 

>4 

0.20 

3.  (•” 

S."3 

.».  6“ 

6.  88 

3.6? 

».:h 

13.0! 

14.3: 

13.0! 

I JiZ  3. "'«40  ♦ ii.nSI*io\ 

**tore:  Z • Istiaitej  unit  cost  in  IY  "I  loll.irs 

X * Wire  >i.*c  in  mllineters 


F? 

1' 

Statistics: 


Coefficient  of  determination  » 0.773 

Standard  error  of  estimate  in  Ln  form  • 0.424 
Mean  absolute  percent  deviation  • 29.9 

Passes  F test  at  99  percent  level  of  confidence 
N"8 


CFR  MTA 


Cartridge 

Si:e(m)  Unit  Cost 

Unit 

M309AI  10  IT 

75 

$0. 59 

$1.10 

M3 49  MJT 

75 

2.07 

1.10 

M32<»  IIIJT 

105 

6.08 

5.23 

M34S  111  .IT 

105 

6.25 

5.23 

MS27  HUT 

ins 

3.27 

5. 23 

M39i\  1 HUT 

105 

S.  18 

5. 23 

M393A2  IU.PT 

105 

S.  35 

5.23 

M346A1  HOT 

106 

6.2S 

5.51 

In  addition  to  treating  the  rowd  types  separately,  IEAT,  HE, 
and  I0.PT  rounds  were  combined  into  a single  CLR.  Also,  IE  and  IEPT 
rounds  were  conbined  into  a single  CTJt.  The  results  of  these  combinations 
were  statistically  inferior  to  the  independent  treatment  of  each  type 
and  are,  therefore,  not  recommended. 
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J.  Cases 


Case  costs  include  the  cost  of  procurement  frin  vendors.  The 
teaming  curve  analysis,  section  II III,  yielded  the  conclusion  that 
case  procurement  is  affected  l»y  learning.  Therefore,  the  case  regression 
analyses  used  the  theoretical  lir.t-unit  cost  of  each  case  as  the 
dependent  variable,  fhe  theoretical  first  tut 1 1 costs  for  cases  liaving 
nultiple  producers  are  averages  of  all  producers. 

Independent  variables  cons idercsl  inclulc  lore  sire,  length,  surface 
area,  projectile  nass,  mnentum,  kinetic  energy,  and  various  combinations 
of  tla*  alove.  Although  charge  weight  was  considered,  this  would  !<•  difficult 
for  the  esfirutor  to  determine.  Ktxrnd  pressure  was  considered  hut  the 
data  were  incorpletc.  The  cartridge  cases  wore  segregated  into  categories 

of  hra>s  and  sit'd. 

Ilit*  results  achieved  on  brass  .uwl  steel  cases  were  poor  for  the 
primary  independent  variables.  Significant  results  were  achievetl  on 
brass  cases  using  surface  area  as  an  independent  variable.  Surface  area 
as  defined  in  this  study,  is  dependent  on  case  length  and  loro  sire. 

Hie  results  of  this  regression  derived  from  surface  area  arc  included 
secondarily  because  the  I'l.R  is  the  best  cost  predictor  when  case 
length  is  known. 

The  preferred  predictor  for  brass  cases  includes  fixed  ! 0 , 

MAT,  AJ’,  .ind  n*  arnunition  rounds  for  nedium-horc  :ind  tank  applications. 

The  preferred  picdictor  for  steel  cases  incluJcs  fixed  ID!,  IC.AT,  AP, 
and  TP  ammunition  rounds  for  mcdiin*borc,  tank,  ;wd  rccoillcss  rifle 
applications. 

Preferred  predictor:  Brass  cases 

Ini  • O.OHSA  ♦ n.njirt  X ♦ 0.5731  ^ 
where:  : • l.stinatisl  theoretical  first-unit  cost  in  l\-"l  dollars 

X 1 bore  size  in  m 1 1 meters 
V * Projectile  mass 


Statist ies: 

foel’f  icient  % of  detemmat  ion 
Multiple  • o. S7u 
Part ial 

IX. Y * 0.130 
:v.x  • 0.0SSI 
xt  • o.8 ” 

St.and.ard  error  of  estimate  in  In  fom  » o.4(>9 
Me;in  absolute  percent  deviation  * 40.3 
Passes  I-  test  at  '.»•»  percent  level  of  confidence. 
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CTR  DATA 

Actual 

Estimated 

Case 

Complete 

Bore 

Projectile 

First-Unit 

First-Unit 

Model 

Round 

Si:e(rr.) 

Mass 

Cost 

Cost 

MK1A2 

MS4Alin:/M5SAlTPr 

37 

0.0416 

$ 2.52 

$ 5.45 

M8QAPT 

37 

0.0516 

2.52 

5.49 

VSJTP 

37 

0.0500 

2.52 

5.48 

Ml  03 

M52APIT 

20 

0.0087 

3.58 

3.40 

M5SA2/M242API 

20 

0.0068 

3.58 

3.39 

MS  (A3  ID! I 

20 

0.0070 

3.58 

3.39 

M220TPT 

20 

0.0071 

3.58 

3.39 

M246ID:IT 

20 

0.0085 

3.58 

2.40 

Ml  8 

M33&AL\PT 

7S 

0.4087 

9.55 

18.60 

M4»u: 

75 

0.4S6S 

9.55 

19.11 

M2  5 

MAIA1APT 

40 

0.0609 

10.33 

5.98 

Ml  7 

MS4AllDi/MS5Al 

37 

0.0416 

10.77 

5.45 

MS9APC 

37 

0.0S93 

10.77 

5.51 

T27K2 

M34A1IDAT 

90 

0.4472 

21.44 

28.39 

M88 

M339APT 

76 

0.4503 

24.27 

19.56 

MSS2AJHE 

76 

0.4658 

24.27 

15.74 

M331A  1 /A2I IYAIDST 

76 

0.25S3 

24.27 

17.49 

Ml  15 

M392A1/A2APDST 

105 

0.7702 

36.29 

51.03 

M494API.RS 

10S 

0.9565 

38.66 

56.77 

M467/»t468TPT 

105 

0.7702 

38.66 

51.03 

Ml  9 

• M7  LA  1)11: 

90 

0.7267 

47.36 

33.33 

M77APT 

90 

0.7267 

47.36 

33.33 

M301HVA1T 

90 

0.S202 

47.36 

29.61 

M332A1IIVAP 

90 

0.5863 

47.36 

27.42 

Ml  08 

M3S3A1TPT 

90 

0.  7484 

48.77 

33.74 

Mill 

M469I  I11YT-T 

120 

0.9658 

73.53 

85.24 

Ml  09 

M3S8APT/M3S9TPT 

120 

1.5807 

128.31 

121.25 

M3S6HLT 

120 

1.5652 

128.31 

120.18 

Given:  Case  lenfith  has  been  defined 

Preferred  predictor:  Brass  cases 

l.nZ  - 1.1857  - 0.1255  IjvX  ♦ 0.02125  Y 
where:  Z • Estimated  theoretical  first-mit  cost  in  FY-  dollars 

X • Momentim 

Y » Surface  area  in  square  inches 


Statistics: 

Coeff icients  of  determination 
Multiple  ■ 0.955 
Partial 

ZX. Y  • 0.065 

ZY. X  - 0.732 
XY  - 0.908 


• ' 


I 

» % 


• ♦ 


• > 


* « 

• I 


' 1. 


Standa rd  error  of  estimate  in  Iji  form  * 0.275 
Mean  absolute  percent  deviation  ■ 20.1 


lasses  I test  at  !•!>  jicrccnt  level  of  confidence 

X « 28 


Note.  Surface  area  is  defined  as  the  sim  of  the  perpendicular  cross- 
sectional  area  of  the  case  cylinder  and  the  area  of  the  case  cylinder. 
The  case  cylinder  has  diameter  equal  to  the  lore  si:e.  Tlic  formula  is- 


Area  * trr"  ♦ 2irrl. 

s he  re : r ■ Case  cylinder  radius  in  inche- 

1.  ■ i’jse  length  in  inches. 


The  mill imetcr- to- inch  conversion  factor  is  0.03937. 

CI.R  I IM  A 


Case 

Model 


XK1A2 
Ml  03 


Ml  8 


M2  3 
Ml? 


12  "1.2 
M88 


Ml  15 
Ml!* 


Ml  08 
Ml  1 1 

Ml  09 


47rn 

20m 


.>rn 


him 

3"m 


!>0m 

"0m 


lo.Vn 

'Mim 


90m 

I2fnn 

IJOr.jn 


/ . • 


1 V 


Complete 

Hound 


t-isc  Actual  1'stinated 

Surfact,  First -Unit  First-Unit 

'•nrontiri  Are.. (in*)  Cost  _ Cost 


M3  JAI  III  /MS 3.X I TIM 
M80  .xrr 
*H>3  TP 
M3 2 APIT 
M5SX2/M242  API 
MSfc\3  III  I 
M2 20  IPr 
M2 46  in: IT 
M338AI  APT 
M18  III. 

MS  I /A  I AIM 
MS4A1  llli/MSSAI  IP| 
MS9  APC 
M34HXI  I II. XT 
M3 39  ATJ 
'1352X1  hi: 

M33LM/A2  HVAP-HST 
'1392AI/A2  XPHST 
M194  API  HS 
M467/M46K  MM 
M71.M  in. 

M?7  APT 
M304  IIVXIT 
'1332X1  11X5X1* 

M3S.VX1  TIT 
'1469  I II  AT- T 
M3 5 8 APT/M359  TIM 
M356  HIM 


108. 160 
94.170 
130.000 
29. 406 
22. 984 
23.660 
23.998 
28.730 
860.440 
890. 175 
174.783 
108. 160 
121.565 


24.537 
24.537 
24.537 
25.683 
25.683 
25.083 
25.683 
25.683 
93.681 
93.68! 
"8.851 
56. 64  I 
56.644 


< 3 


2.52 


3.58 

3.58 

3.58 

3.58 

3.58 

9.55 

9.55 
10.33 
10.77 
10.7" 


3.06 
3.12 
2.:« 
3.  0 
3.81 
3.80 
.3.79 
3.  "1 
10.26 
10.22 
9.15 

6.  fit) 


1,252. 

. Kid 

158.772 

21.44 

39.05 

1,440. 

, 900 

ISO. 477 

24.27 

32.16 

1,117. 

,920 

150.47" 

24.2" 

33.21 

1,053. 

113 

150.477 

24.2" 

33.45 

3,735. 

470 

166. *66 

36.29 

39. 83 

2.582. 

, 550 

160. 100 

38.66 

41.72 

1,8-18. 

180 

lOO.  K»o 

38 . 60 

43.51 

1,744. 

080 

158.772 

47.36 

37.46 

1,962. 

090 

158.772 

4".  36 

36.91 

1,742. 

070 

158. "72 

•17 . 36 

3".  46 

1,490. 

913 

IS.H.772 

47.36 

38.18 

2,245. 

200 

158.772 

48.77 

36. 29 

3,621. 

750 

180. 704 

"3. 53 

54 .47 

5,532. 

450 

223.019 

128.31 

128.55 

3,913. 

000 

223.019 

128.31 

131.26 

?1 


. / f. 


. 


Preferred  predictor:  Steel  cases 

l.n:  * 1.0(05  ♦ 0.02003  X ♦ 0.2022  V 


she  re: 


Z - Estimated  theoretical  first-unit  cost  in  FY-74  dollars 
x » Hore  size  in  mil  1 imeters 
V • Projectile  mass 


Statistics: 


Coefficients  of  determination 
Multiple  • 0.543 
Partial 

ZX. Y  • 0.332 

ZY. X  - 0.006 
XY  - 0.71b 

Standard  error  of  estimate  in  Ln  form  - 0.444 
Mean  absolute  percent  deviation  ■ 40.3 
Passes  I-  test  at  99  percent  level  of  confidence 
N » 26 


1 


CCR  IVMA 


Case  Complete 

Model  Round 


Actual 

Bore  Projectile  First  Unit 
Size(m)  ?bss Cost 


Estimated 

First-Unit 

Cost 


M204  M20(v\l  TPT 

M1SB1  M338A2  .APT 

M25B1  MS1APT 

M17B1  Ml  8 /\Fr/M353  TPT 

M108B1  M336  CSTR 

M3 3?  CSTR 

Ml  71  Ml 96  III-AT-T 

Ml  1 SB  I M391A1/A2  APIBT 

M728  APLST 
M724  TPDST 

M88BI  M3 39  APT/M34QA1C1  TPT 

M35A1  UP. 

M.3()3  CSTR 
M33LX1/A2  UVAP-DST 
M200  MS 80  API-RST 

M93B1  M34JA1  I OAT 

M19BI  M71/A1  II1.T 

M31A1  AJ*T 
MXX2AJ  IP.'APT 
M148A1BI  M49j  TIM 

M114A1  M131A1/A2  111  AT 

M94B1  M581  APIiRST 

M344A1  III  AT 
M346  I O PT 
*1467  TIT 
'*494  APERS 


20 

0.0083 

$ 4.35 

7S 

0.4087 

6.81 

40 

0.0609 

8.05 

90 

0.  7484 

10.68 

90 

0. 7233 

10.58 

90 

0.6351 

10.68 

76 

0.2879 

11.79 

105 

f'.  7702 

17.28 

10S 

0.443S 

17.28 

105 

0.2658 

17.28 

76 

0.4503 

19.57 

76 

0. 4658 

19.57 

76 

0.4565 

i9.S7 

76 

0.2S53 

19.57 

90 

0.6522 

20.10 

106 

0.S466 

24.24 

90 

0. 7267 

28.39 

90 

0.7484 

28.39 

90 

0. 3863 

28.39 

1C5 

0.6957 

29.77 

90 

9.4037 

31.96 

106 

0.6670 

41.32 

106 

0. 5466 

41.32 

106 

0.5435 

41.32 

105 

0.7702 

SO.  70 

10S 

0.9565 

SO.  70 

S 4.38 

14.76 
6.68 

21.54 

21.44 
21.06 
14.71 
29.49 
27.69 
26.63 
IS. 20 
IS.  24 
15.22 

14.01 
21.13 

28.77 

21. 45 
21.54 

20.02 
29.05 
20.09 

29.48 
28.77 
28.75 

29.49 
30.65 


Ml  50B 1 


e.  Propellant* 

Pm*  p.opell.int  cost  covers  the  cost  ol  piopel  lant  rvinulactunng  only. 
I1h*  I earnin'*  curve  analysis,  section  llin,  ( niid  to  provide  evidence  of 
learning  application  to  propellant  costs;  therefore.  propellant*  were 
priced  at  t lie  average  unit  cost  shown  in  annex  A.  Mkh  several  producers 
rude  tlie  s jre  pro|*ell.uit,  the  weighted  average  cost  was  used,  hhen  there 
was  nore  than  *me  propellant  for  a given  round,  costs  for  all  propellants 
were  used,  Mien  cost  data  were  unavailable  tor  a specified  web  thickness 
of  a given  type  of  propel lant , the  cost  data  of  the  web  thickness  closest 
to  the  web  thickness  specified  for  a r<vmd  were  used. 

11k*  data  used  for  this  anal vs  is  covered  fixed  ammition  t>]>es. 
tv.- !<>w  is  a table  s|»owini;  tl*o  derivation  of  propellant  cost*  per 
rnunJ  in  IY-74  dollars. 


PWSnUAVlS 


Actual 


kisoJ 

Rorr 

type  of 

1‘ropcl  lant 

I’ropel  lant 

Cost  of 

'Idol 

Size 

. .'ope II  ant 

height  (Ihl 

(>1  per  Pnund 

I’ropell  ant 

vu:o 

:onr 

wc  «:o 

tl.OS" 

$ n.njn 

$ n.,iS 

’lm: 

JtVn 

w:  r-o 

n.nss 

0.020 

0.0R 

MSt»\3 

Jnm 

k<:  r:o 

0.  085 

0.020 

0.08 

MS  3.1 

:om 

ic  r:o 

0.03S 

0.020 

0.08 

•1240 

:om 

m:  r?o 

n.  oho 

0. 020 

0.08 

'Uni, \| 

;nrr 

<Jt  RA2S 

0. 1 10 

I.  M2 

0.10 

'ISS 

5"m 

Ml  SP 

0.  .A to 

0.  “Ml 

0.2* 

**.t 

ym 

Ml  Sp 

n.St-n 

0.  *81 

0.44 

'Is  |A  l 

lOrri 

Ml  '«* 

O.bVi 

n.-S* 

0.  40 

mk2 

V*~r\ 

Ml  •«* 

o.  *2<> 

o. 

0.  4’* 

m*: 

\vn 

Ml  SP 

1.000 

o,*xi 

1.48 

•MR 

"Vn 

Ml  SP 

1.1130 

0.*K| 

1.31 

'MAI 

"Srn 

Ml  *0* 

2.000 

o."S“ 

l.sl 

MXSiXl 

Tom 

Mr,  '1* 

X.f40 

o.*:: 

:.*4 

MS6S 

•*,  '5* 

5.000 

o.  *2S 

j.fcj 

•It. *6 

’(m 

•».  '** 

S.ow» 

o.*;a 

3.b* 

MX1H 

vnrrt 

Ml  'J* 

S.»¥)0 

0.  "S“ 

3.*0 

TIM 

•Him 

Ml  *>• 

S.3I0 

o.*s* 

4.02 

Ml07 

|n>n 

Ml  T 

S.9»o 

0.*5* 

4.1* 

'HU\l/\2 

Ml  7 

Mon 

2.238 

4. *4 

T1 

?<*t» 

•*.  ‘I* 

7.30U 

0.  "2S 

5.20 

MAX? 

•nn  vt|* 

S.bOO 

1 .(*!  S 

S.f>8 

TV, 

•wim 

•«,  'IP 

8.000 

o.rs; 

b.02 

MAA* 

•»rm 

Mb  MP 

8.  500 

o.  *::, 

6.  It* 

’tSH'l 

r>nm 

•t,  MP 

R.RoO 

H.  "2s 

t».  A3 

MXiSM 

9<*H 

•»’ 

3.000 

•1.  *52 

0.47 

# » • 


MJ.U 
M43I  \|/,\ 

wihxi 
M?24 
M3 1* 

Ml  SUM /I 
M3->: 

*r:s 

>1469 
M3  Si. 

MSS* 


105m 

'*<*n 

•>ifcw 

luSm 
oorn 
I lOSfn 
lOSm 
li'Sm 
I2i*n 
12»>n 
I Jivt> 


>*»  *p 
>130  MP 
M30  *f* 
M3o  >r 
Ml? 
>130  >8* 
M30  >|* 
*ijfl  *r 
**>  >p 
M3 1 
Ml  7 


•».  2IH» 
8.250 
8.600 
y.ooo 

H . 00(1 

ll. son 
12.000 
12.000 

23.000 
12.400 

29.000 


0. 725 
0.947 
A.9SI 
0.925 
0.942 
0.  94? 
0.925 
0.947 
0.725 
1.709 
2.258 


6.6? 

7.81 

8.03 

8.33 

9.4. 

10.89 

11.10 

11.36 

16.68 

21.19 

65.4R 


An  Miin.il 
anj  oinclinc.tr 
variable*.  The 


soncv  wa>  run  on  all  the  alove  data  for  tl»c  linear 
recession  fori*  coverm*  the  logical  independent 
folio*. In*:  preferred  predictor  resulted. 


Preferred  predictor:  Propel  I ant 

•*  • 10.SH40  • 0.01S*I  X • 0.7416  laiV 

kImtc:  ; • unit  cost  in  IY-74  dollar* 

X • Bore  sire  in  millinetcrs 
V • Kinetic  energy 
Statistics: 

Coefficients  of  dctereinat ion 
'Kilt i pie  • 0.968 
Partial 

2X.V  • C. 120 
IY.X  • 0.469 
XY  « 0.944 

Standard  error  of  cstmatc  in  Ln  fom  • 0.332 
*kan  absolute  percent  deviation  • 23.3 
Passes  t test  at  99  percent  level  of  confidence 

a*  I AT  A 


T 


KniinJ  'V>Jcl 
*1220 

*C42/?ISSA2/*B3 

MS6XS 

>1321. 1 

>1246 

*12f»6\| 


More 

Si:c  IrnJ 


Ki not ic 
Inerpf  _ 


Actual 

Cost 


1st  mated 
Unit  Cost 


20 

40,557 

$ 0.08 

$0.09 

20 

38,843 

0.0.4 

0.09 

20 

20 

39,985 

49.606 

0.08 

0.08 

0.09 

0.11 

20 

48.5S4 

0.08 

0. 10 

20 

18,2.36 

0.19 

0.10 

e $ 


MSS 
MhJ 
MSI /A l 

n*2/moi 

M72 

w«o: 

MbLU 

M5S2A1 

M363 

M496 

MM  8 
M"1 

M467/M393 
M3  38 
M'l 

M3'»0/M340 

H33to 

M377 

MS  80 

M3  S3 

H4‘>4 

MI31 

'1318 

'r:j 

M318/M353 
• MJ  S6/M490 
'i3.»: 

>r:s 

M469 

M3S6 

M3S8/M3jO 


37 

140,(418 

37 

169,000 

40 

250,814 

40 

250,814 

7S 

891,909 

7S 

3S6.6II 

7$ 

953,370 

70 

1.341,504 

76 

1,314,720 

76 

1,114,130 

90 

1,753,024 

90 

2,048,822 

IOS 

2.218,170 

7S 

918,431 

90 

2,048,822 

76 

2,3oS.S36 

•HI 

2,978, R?S 

‘HI 

2,765,479 

•HI 

2,924,  'HMl 

‘.HI 

3,367,800 

105 

3. 436,443 

90 

3.149.36S 

‘HI 

3,Vi-,HOO 

1 OS 

3,389,282 

90 

3,  36’,  84  HI 

IOS 

S,  I30.H07 

IOS 

9."5H.SIS 

los 

4,356,85- 

120 

6, -00, "81 

120 

4,801 ,27*0 

120 

9,681,-88 

•'.*7 
0.  44 

0.40 

n.S* 
1.48 
LSI 
LSI 
:.?4 
3.63 
3.6' 
3. 70 
4.0’ 

4.47 
4.74 
5.29 
S.<*H 
6. 02 
6. 16 
0.38 

6.47 
0.07 
7.81 
8.03 
8.33 
9.  42 

10.80 
11.10 
11.30 
10.08 
21.10 
OS.  48 


0.30 

0.34 

0.48 

0. 4K 
-.13 
2.25 

1. <M 
:.o3 
2.88 
3.(>0 
4.44 
0.03 
0.00 
2.17 
0.03 
4.3- 
0.S8 

o.22 

o.  SI 

7.21 
0. 30 
0.8o 

7.21 
'•.r 

7.21 
12. SI 
19.01 
11.07 
19.43 
15.23 
23.2- 


I.  Priners 


f 1 

- * - I 

1 


Iht*  cost  of  priners  as  collected  for  this  study  includes  profit  and 
fee.  lhe  costs  used  .is  dependent  variables  are  the  tliearetical  first* 
unit  costs  as  derived  in  the  Icaromi;  analysis,  section  1 1 111. 


Analysis  of  all  regression  foms  used  for  all  rcasoiahlc  indepen* 
Jent  variables  revealed  only  weak  relationships  at  l>cst.  Since  it  is  a 
cumuli  engineering  practice  to  try  to  use  .m  available  production  priner 
rather  tlwin  to  create  a new  design  tor  a new  family  of  amm it  ion , it  is 
unlikely  to  f iiwl  pr triers  specifically  related  to  a cenpletc  round's 
performance  cluractei  ist  ics.  I Ik*  alternative  to  i*.mg  tilt's  is  to  use 
broad  average*  or  analogies  with  a 'imlar  princr.  fortunately,  priners 
are  a snal  I jwirt  of  the  total  i«b»J  cost;  therefore,  the  use  of  OK's  is 
preferred  even  though  variations  nay  he  quite  wide. 


Preferred  predictor:  Percussion  priners 

ij»:  • h inx  • i.x.xs*  inv  or 


: • 16.3741  X v*»"M 


wliere:  Z • Istinated  tliccrctical  first  wit  cost  in  n**?4  dollars 

\ • Round  applicat  on  lore  sir.e  in  mllinetcrs 
1 • Round  application  cvnentlfl 


Statist ics; 

Coefficients  of  deterninat ion 
'ill  1 1 pie  • O.Oli 
Partial 

:x.V  • n.ii'Ki 

:v.x  • n :> 

XY  • n.o-* 

Standard  error  of  rstinate  in  Iji  fom  • ». 

*i\in  absolute  |»erccnt  deviation  • U.X 
Passes  F test  at  ‘V»  percent  level  of  confidence 
\ • 17 


• 

• 

(IK  IIAIA 

Actual 

1 st  mated 

0 

Pr  tner 

Wire 

1 irst  Unit 

1 irst-linit 

% 

•ii-Jcl 

Sirclmj 

'krientm 

Cost 

Cost 

• 

MI1S 

; Jn 

.’A.  XX 

1 , 70 

1.60 

M1HI.A2 

r ^ 

,1 , 

554.92 

X.2-» 

\A0 

J 

*13&A1 

y 

|(>R.  I’» 

3.43 

:.3s 

10 

174. "A 

3.4X 

3.73 

*l2iA3 

?s 

5-n.t.x 

3.43 

4.35 

M3AH2 

to 

|-4.? A 

5.21 

3.-X 

MSI 

7ft 

1022.  f»S 

5.4X 

9.1A 

Mb* 

7ft 

1117.-12 

S.4X 

10.31 

90 

I2S2.I6 

?!• 

5.43 

A.  20 

Primer 

Model 

Bore 

Siie(m) 

Stamen  ten 

Actual 

First-Unit 

Cost 

I'st  i mated 
First -Unit 
Cost 

Mb  2 

76 

I09S.60 

7.70 

10.07 

MSS 

76 

1440.96 

15.08 

14. SI 

MSS 

'.HI 

224S.20 

15.  ns 

17.87 

M>6 

120 

5621. 7S 

14.07 

17.61 

M79 

i>0 

IS94.02 

18.57 

11.52 

m?o 

90 

1614. SO 

18.57 

11. SI 

M28H2 

90 

1744. OS 

36.63 

12.76 

M2SB2 

90 

1%2.09 

56.65 

14.93 

Preferred  predictor:  I lectnc  primers 

l-n-  • 14.1220  ♦ 4.  os  VS  LnX  • 0.9051  l.nV  or 

: • (7.3005  X |0'*)  \4.»S3H  Y».903| 

where:  I • lst*natcd  theoretical  first  - un 1 1 ct»f  in  l\-*|  dollars 

X • Hound  apj>l  icat  ion  Iwre  si:e  in  millimeters 
> • Round  application  projectile  mass 


Statistics: 

Coefficients  of  determination 
•tjltiplc  • 0.79? 

Partial 

:x.Y  ■ 0.599 
2Y. X • 0.201 
\Y  • o.y?2 

St.inJ.irJ  error  of  estimate  in  Iji  form  • o. "48 

'k*an  absolute  percent  deviation  • til. 3 

Passes  1 test  at  •.»•»  percent  level  of  confidence 
v . it 


HR  U\TA 


Primer 

MS2A5BI 

MS2A5HI 

MS2A5H1 

MS2A3BI 

Mr.' 

M67 
Mb7 
M86 
MS  6 
MSilAJ 
MB0A1 
MH'JAI 
MS  5 


ho  re 

Pro  icc tile 

Si  :e(m) 

'hss 

20 

O.OOttS 

20 

0.0070 

20 

0.00S7 

20 

0.0089 

120 

0.96S8 

120 

I.S6S2 

120 

1 . 5807 

I0S 

0.7’02 

IMS 

0.9565 

ms 

0. 26S8 

ms 

0.443S 

los 

O. 7792 

ms 

0.G9S7 

Vtual 

list  iruted 

1 irst -Unit 

1 irst-Unit 

itast 

lost 

$10.48 

$12.54 

10.48 

12.21 

10.48 

10.04 

10.48 

9.84 

39.  SO 

203. '5 

59.50 

151. “S 

So.  SO 

130.58 

277.07 

145.47 

277.07 

119.62 

280.28 

38P.23 

280.23 

2.39. 4? 

280.28 

145.4? 

4S3.9I 

159.4? 

— 


— 


K-  Links 

The  learning  curve 
sufficient  evidence  tli.it 
Therefore,  the  weighted 
determined  lor  e.ich  link 


analysis,  section  I Mil,  failed  to  provide 
link  product ion  is  affected  hv  Inmini;, 
average  unit  cost  for  all  producers  was 
. flic  table  helm*  shows  these  data. 


I.ink 

ttxlel 

Ml 

MU 

\V 

MIS 

MM 

>122 

mi: 

MI- 
MI  (» 


lore  Si  ;e 

’.o.’m 

I J.  'm 

1 J.  'm 

:«rn 

.'"m 

:i»n 

2nm 

torn 


*>iant  itv 

6-’l,Slt»,u*S 

j,i^I.IS.s,im.4 

lt*».0’4,S4t 

<>s.ni'l,:si 

I,.'.IMI,(HHI 

:,«»:4,i«hi 

4T,4n:,-:n 


height i“d  Uvragc  Unit  Cost 
»n  n -4  dollars 

$n.(»i:i» 

o.om 

0.iC*5 

0. 

n.  is*»; 

0. 1**04 

n. :.v.u 
».  .vita 

o. :ms 


I hi  < 


Ihe  above  cost  data  were  repressed  against  lore  sj;c. 
regression  -fiosrd  the  best  fom  to  be  i • AX".  with  a 0.Hfi2  coefficient 
of  deteriin.it ion.  Based  on  t»ic  I test,  the  coefficient  of  determination 
^ ^ ! at,  thc  **-•  perv^-nt  confidence  level.  However.  further 

.inal) sis  resulted  a nean  absolute  deviation  of  SI. 42  percent  which 

arnnMr;,h  h h,Rh*  ,lnsrct,ion  °r  t,R'  indicated  that  other  independent 
XotSclil?  **  r0,0,d  ^ ^ be  sinvrTr 

,nr  I!f  v*°N,r  **lT  tJ*'n  by  Imre  s«c  ami  an  average  unit  cost 

.r  VV  k •***  *n*;  tlw-sc  averages  as  estimator*,  the  roan 

ahso  „.r  dc'viat ion  is  21.1“  percent . Ihe  following  clurt  is  the 


I tore  S i . e 


Keragc  t ost 


t*:m 

i:.rm 

J'frn 

4(tt) 


SH.0I2? 
(>.  ()!(»- 
0,2415 
0. 2(4  S 


lor  rounds  with  f<oie  sires  other  thin  tliosc  shown  above, 
interpolation  is  MiRr.es ted.  It  is  lailikely  that  links  would  be 
reipu red  on  rounds  with  a Imre  sire  greater  thin  4(Vw. 


V < 


line  costs  include  the  co-t  of  |»nxurenrnt  of  metal  parts  in  addition 
to  the  fine  n IJ\T.  In  sane  instances,  lu:e  metal  parts  are 
procured  from  a venJor  .inJ  assonbled  at  an  Army  aianunition  plant. 

The  I cam  ins  curve  analysis,  section  I IIP.  yielded  the  conclusion 
that  fuze  priKurcnent  is  affected  hv  learning.  lheref'*re,  ^the  lure 
regression  analyses  used  the  theoretical  lirst-unit  cost  o.  *ach  fuze 
as  the  dependent  variable.  Theoretical  first  unit  costs  for  fuzes  having 
multiple  producers  arc  averages  of  all  pruluccr*. 

Tlie  data  used  for  these  analyses  covered  fixed  .imuiit  ion  tvpes 
in  the  Al*.  Tl’,  III  and  ID-AT  categories,  kecoi  I less*  rifle  and  nortar* 
rot  aid  data  were  included  in  the  initial  runs  ;ind  excluded  in  sul^cqucnt 
ricis  because  their  in.lej»endent  variables  differed  widclv  lr<n  other 
fixed-round  independent  variables.  The  results  achieved,  excluding 
recoil  less  rifles  and  mortars,  were  mure  significant  for  base* 
detonating  and  point* initiating-hasc-detonat ing  fuzes. 

An  initial  survey  of  all  indc,.-  txlent  variables  was  conducted 
to  detemme  the  regression  loros  t>  Is.*  subjected  to  further  research. 

Ihc  inJejvndcnt  variables  were  segregated  by  fuze  t>pc  into  joint 
detonating  (ID),  base  detonating  (Wl|.  joint  init iat ing  hase  detonating 
(PIN)),  mechanical  tine  (MI),  nechanical  tine,  supenjuick  fMTSQ), 
and  combinations  of  Kl)  anJ  PIN)  as  well  as  MI  *ind  ^fTSQ.  Irwlepcndcnt  . 
variables  incluJed  lore  sue,  nass,  kinetic  energy,  noraentiro,  and  various 
conbin.it  ions  of  the  above. 

\na lysis  of  all  forms  revealed  only  weak  relationships.  Tl«c  weakness 
of  the  relationship  is  most  likely  a result  of  the  practice  of  using  a 
single  fuze  for  a wide  range  of  ameution. 


Preferred  predictor  Point  detonating  fuzes 


iji:  • n. in. r * :.::ss  ijix  * l.osw  uy  or 


wliere: 


• I.298,b03  X 


::sr  yi.nv.m 


Z • I'.tinated  theoretical  first-unit  cost  in  IV“4  dollars 
X ■ KoibiJ  application  lore  size  in  millimeters 
V * Round  application  projectile  buss 


Statistics: 

Coefficients  of  determination 
Miltiplc  • O.S83 
Partial 

:x.v  • li.  IP? 

:y.x  - n.rs 

xy  - 0.'.»88 

StanJard  error  of  estimate  in  Iji  form  • 0.S18 

Mean  absolute  jicrcent  deviation  * ^•1“ 

Passes  I test  at  percent  level  ol  confidence 

N • 33 


lure 

Mrxk-I 

M50S3.3 


MS'.’ 

m*i 

x>r:u 

M78 


MS IA l/AS 


MSS' 


Conpletc 

Ho  re 

Round 

Si  :c(bwI 

'CIO  til  l 

:o 

m:4:  in  i 

JO 

MSt*\3  III  1 

:o 

M»46  III  1 

JO 

'M3'  III 

175 

mx:  iim 

41) 

xm»s:.\:  mi 

is: 

Ml  ill 

lUS 

Mi«r  in 

ISS 

Ml 06  111. 

:o.3 

M3  34  III 

'S 

Ml  Ml 

ms 

MIG?  III. 

ISS 

Mini  III. 

ISS 

Ml  116  111 

:»s 

MlO.»  III. 

:n3 

3L3S2.M  IU 

'6 

'Mi\l  III. 

'to 

M7LM  in: 

90 

M4R  III 

75 

mu  iii 

*s 

sri.\i  n* 

9«» 

M336  111  r 

i:o 

wi i in 

is: 

Ml  111 

ms 

.VMS IS  RAP  111 

ms 

XMtoOt*  III 

lnS 

Min:  in: 

1S3 

VMS 4“  RAT  IU. 

ISS 

Mini  111. 

ISS 

Ml (16  III 

:o5 

MIS  111. 

'S 

Project ile 
M»s> 

Vtu.il 
1 ir*>t  Unit 
( «»t 

0.0088 

$ to.  01 

O.notoH 

6.01 

O.OOM) 

6.01 

0.008S 

6.01 

0. 38#S 

13.91 

0.0009 

I'.SS 

1.31(8. 

21.10 

I.OJ40 

:s.77 

:.isos 

:s.7? 

0. :i i: 

So 

*•".  1 

o. 379: 

S3.6S 

l.o:48 

S3.(<S 

:.9S03 

53.65 

:.  950.3 

S3.toS 

t..:u: 

53.65 

7.  4331 

S3.6S 

0. 4o58 

53.65 

t ,39'S 

S3.6S 

0.  '.’(>' 

S3.6S 

0.  IStoS 

53.6S 

0.  IStoS 

54.  .34 

0.  ':«.7 

54.34 

1.S6S: 

54.34 

1 . 53:3 

54.34 

1.0:1s 

54.34 

0.  HHSI 

54.34 

0.88SI 

54.34 

:.9S03 

54.34 

:.9S14 

54.34 

:.9S03 

51.31 

6.:n: 

51.31 

0.  IStoS 

77.01 

! st  initni 

I ir>t  Unit 

Cost  

S 10.99 
B.3*> 

8.<>: 

10.  $9 
n>.  >: 
is.:: 
:i.ot 
4:.:o 
34. 13 
to5.(>8 
31.1“ 
«.:*» 
54.43 

54.43 

6$.  t>8 
*9.  O' 
3'.to3 
31.83 
41.3“ 
37.96 
37.96 
41.39 
49.1* 
:4.so 
i;.:o 
36.19 
36. 19 
SI.  43 
35.64 

54.43 
63.68 
37.96 


M48A3 


Results  ;uw!  Recomendat ion>« 

Preferred  predictor:  Ruse  detun.it  iiir  lure*. 

m:  • 0.6495  ♦ o.sws  Ijix  * 12.06W  * 10  i ' 

where:  Z • l>t  iruted  thcurct ical  fir>t  nut  cost  in  PY-74  .lollars 

X • Round  application  lure  sire  in  millimeters 
Y ■ Round  application  kinetic  energy 

Statistics: 

Coefficients  of  determination 
Multiple  • 0.68S 
Partial 


:x.y  • 

n.  55o 

ZY.X  • 

0.2(4 

YY  • 

0.  5"  2 

St.uwlard  error  of  estimate  in  Iji  lom 

• 0. 24.0 

Mean  absolute  percent  Jcvi.it ion 

• 19.5 

Passes  1 test  at 

(M  j percent  level  of  confidence 

N • 

9 

C1.R  IIXTA 

Actual 

1 >t  iruted 

lure 

Complete 

Pore 

kinet 1C 

l-irst-Unit 

1 irst-Hnit 

Model 

Pound  Si:c(nr*J 

l-ncrgy 

Cost 

Cost 

M5R 

Mo  5 III. 

57 

1 09, non 

$15.61 

<10. "2 

M64A2 

Mb  HI  APCT 

"5 

955,370 

27.55 

29. 8S 

Mh2Al  AIX.T 

7b 

1 ,0|(.,51b 

27.  SS 

54.51 

M.7  1H.YT-T 

105 

098.7S0 

:\S5 

54.54 

M91AI 

MbO  i..‘AT 

’S 

20-.000 

29.65 

25.58 

M527  um 

105 

1,228, "00 

29.65 

58.54 

M.J 

Mt.0  IU.-XI-1 

75 

207, bOO 

56.11 

25.58 

M5"H 

*1595  in.XT 

105 

2,218, l"b 

S4.57 

47.51 

M43AJ 

M59J  Ifl.U 

105 

2,218, l"b 

60.18 

17.50 

Preferred  predictor: 

Point  in  it  i;it  ini;  haMvdeton.it  in£ 

c 

t • 

*4 

I jC 

• -52. 5184.  ♦ 

11.5811 

UX  • 4.0205 

IjiY  or 

• (1.8120  X 

• ’X 

10  1 X 

11.5814  y t.u 

205 

wliere: 

Z ■ 1st  iruted 

tlieorctical  first -unit  cost  in  IV 

-74  dollars 

X • Round  application  bore  sire  in  millimeters 
V ” Round  application  projectile  mass 


Star  i -t  ics: 

Coefficients  of  determination 
Mil t iple  • 0. 80** 

Part ial 

IX. V •0.825 
ZY.X  • 0.754. 

XY  • 0.«K»8 

Standatd  error  of  estimate  in  rnifom  • 


n.2t>5 


Mean  absolute  percent  deviation  ■ 16.0 

Passes  F test  at  97.5  |<*rcent  level  of  confidence 
\ - 7 


ClJt  IVVTA 

• 

Actual 

estimated 

lure 

Complete 

llore 

Project i le 

First-Unit 

first-unit 

Model 

Poimd  _ 

Sizc(rin) 

Miss 

Cost 

Cost  

MSC'JAl 

HI95  HIATT 

76 

.287P 

$ 21.23 

S 16.67 

M348  I0AT-T 

90 

.4472 

21.23 

20.11 

M431A1  HI  AT 

PC) 

.4037 

21.23 

30.34 

NUSo  HLAT-T 

10S 

.6957 

21.23 

20.28 

XM622  I0AT-T 

10S 

.6941 

21.23 

20.4? 

MM#  iiiai  i 

120 

. 965B 

21.23 

25.46 

XMS39F4 

M409  IIIAT 

1S2 

1 . 3323 

126.45 

107.93 

Other  fuze  types  on  which  independent  variables  were  attempted  to 
be  used  as  cost  predictors  were  'fl  and  MTSQ.  None  of  the  variables 
attempted  were  acceptable.  Therefore,  use  of  analyses  and  engineering 
methods  appear  to  be  the  only  methods  available  for  estimating  these 
fuse  types.  The  following  relevant  cost  information  regarding  these 
fuzes  and  a proximity  fuze  is  published  to  assist  the  estimator. 


Mr 

Iheoretical 
First -Unit  (lost 

M563 

$186.73 

XMS71 

376.35 

XM592 

450.19 

XM711 

365.48 

MS48 

208.23 

M564 

119.27 

M577 

208.94 

Proximity 

M514A1 

1 18.60 

*•  Variable*  Used  in  RenrRi5i<M  loins  initially  Attofted 

wcre^n.[?!!?V?S  K,tr'T  r,fllVt  thp  "“MHiKknt  variables  which 
wtrt  initi.il!>  to  bo  used  a-  cost  predictors,  ibe  method  employed 

was  regression  analysis  usinK  both  linear  .ml  curvilinear  lonas. 

In  some  instances,  several  inde|>cndent  variables  were  used  in 
curtbinat ion,  e.|*.  bore  si;e  ok!  mass,  and  Iji  liore  size  and  Ln  mass. 


8b 


s 


• s 


\ 


\ A*  t A&LLS  l>Lt'  tJi  »i*W«$  1X11 U1LY  AUWItt 


IJK’f  valAJili? 


SJ1I7UYA  IKUHAMKI 

* 1TTVUIK1  SVCJUi  XOlSi-UJJi  M JJVl  >J1*VMVA 


ritvN'sppRTATioN  cos’ll 

I’uS  zz  zxim&'Tsisjp 

Kith  gross  percentage  adjustments  based  upon  standard  pries  f 

,^;r?«nLhcTtbrn,nUldC  ,t0  U'C  -Plex  defcm?nist?^  cost 
t ^imnnri  ^ Trent ly  the  Cost  Analysis  Division  at  ARMCOM  is  nrenarino 

.iffl  ^ rou^elrco^^, Z *°"  £“* 

available  in  previous  cffom^  ^^I^  chanRCS>  a feature  not 

section  ate  M> 

were  Sose^bv^he  ?r3w  r aS  f°ll0W?:  Iind  itcms  ;u,d  ‘laities 

quar^r  ofS!TC7;f  rcprcsentativc  of  itc™  dipped  during  the  third 
lor  each  of  the  items  selected,  the  interim  transnort-itinn 

Ini  ^tfT  -P -'uscAo 225  3 h ' 

Government  binsCnf  [Cl/ablc  l£cakout  of  individual  end-item  costs  from 
Lap  Dlint  to  ho  m\nrcdlnR'  1110  sccond*lo8  transportation  cost  from  the 
i^the  sam? mZ™  POt  0r  POrt  0f  "barkation  WE)  MS  developed 

limit.^rJ!Uf?0S<;S  °f  this  Public;,tion,  the  selected  data  were 

Cartridge 
Nomenclature 

5.56nm  M193 
7.62mm  M80 
20nn  M220 
40nm  M406 
40n»n  M407 
105mm  M490 
105nm  M393 
106nm  M344 
106nm  f-1346 


Unit  Pounds 
/\s  shipped 

0.041358 
0. 100938 
0. 988500 
0.831790 
0.812500 
73.466667 
71.166667 
58.100000 
63.000000 


Per- 1 tern - 

Interim  Cost 

$0.0001 
0. 0002 
0.0127 
0.0278 
0.0290 
1.1419 
1.4744 
0.3558 
0.7181 


Per- Item- 
Second  -Leg  Cost 

SO. 0009 
0.0023 
0.0261 
0.0334 
0.0117 
1.6738 
2.3156 
2.3871 
2. 5864 


It  is  not  reasonable  to  expect  that  the  estimators  will  be  able  to 
use  the  unit-shipping  weight  as  a cost  driver  because  shipping  weight  is 
^fllabie  U1?tl1  the  design  is  completed.  Therefore,  a proxy  variable 
was  obtained  using  projectile  mass.  The  coefficient  of  determination 
between  unit-shipping  weight  and  projectile  mass  is  0.988.  The  cost 
thrw-^rr  • r®®r®ssed  gainst  projectile  mass.  The  following  table  shows 
Qn«^°effiC1rntSr0f  ^termination  for  the  regression  forms  found  to  be 
appropriate  for  further  consideration: 


Interim 
Second  Leg 
Total 


Y =»  A ♦ BX 

0.870 

0.880 

0.976 


PORNE 

y»ax{ 

0.962 

0.979 

0.997 


nIy~  « A ♦ B \fx~ 


0.934 

0.961 

0.992 


Considering  that  in  all  cases  the  relationship  of  shipping  cost 
to  projectile  mass  is  stronger  at  the  total -cost  level  than  at  the 

f^Ce«i^ting?°nd  lefi  1CVClS’  0nl>'  thC  total’cost  levcl  is  appropriate 


The  gap  of  actual  data  between  40mm  and  105mm  creates  uncertainty 
in  the  development  of  any  cost  predictor.  This  data  problem  is  a matter 
of  specific  mquip'  and  will  hopefully  be  settled  before  publication 
ot  volumn  II  of  the  anrounition  research  project  report. 

Preferred  predictor:  Transportation 


LnZ  = 1.5879  ♦ 1.0140  LnX  or 
Z = 4.8933  x1*0140 

where:  Z = Estimated  unit  cost  in  IT-75  dollars 
X = Projectile  mass 

Statistics: 

Coefficient  of  determination  = 0.997 
Standard  error  of  estimate  in  Ln  form  = 0.189 
Mean  absolute  percent  deviation  = 15.2 
Passes  F test  at  99  percent  level  of  confidence 
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Cartridge 

Nomenclature 


Projectile 

Mass 


Actual 
Unit  Cost 


estimated 
Unit  Cost 


5. 56mm  M193 

0.0002 

7.62mm  M80 

0.0007 

20mm  M220 

0.0071 

40mm  M407 

0.0116 

40mm  M406 

0.0116 

106mn  M344 

0.5450 

105nm  M490 

0.6911 

106mn  M346 

0.5435 

lOSmn  M393 

0.7705 

$0.0010 

$0.0009 

0.0025 

0.0031 

0.0388 

0.0324 

0.0407 

0.0533 

0.0612 

0.0S33 

2.7429 

2.6443 

2.8157 

3.3791 

3.1045 

2.6369 

3.7900 

3.7566 

a.  mitmiRKixc  iwi:sM;vr 

firing  ;m  item’s  life  cycle  (I.C)  tin'  first  I mi  is  required  prior 
to  the  1 irst  Army  System  Acquisition  Review  Council  (ASARC-lJ  decision 
•n  i»*  . contains,  ;unong  otlier  cost  elements,  an  estimate  for  IPT 

. c I reject  Manager  for  Munitions  Production  Rase  Modernization  and 
l.xpansion,  who  has  the  responsibility  for  1IT,  first  enters  the  LC 
process  of  events  through  his  involvement  with  producibil itv  engineering 
and  p binning  (PI  P).  Ibis  event  occurs  just  after  the  second  Defense 
Systems  Acquisition  Review  Council  (DSARC-2)  decision  point.  The  time 
between  the  1PQ.-1  and  PI  P could  be  several  years  and  the  lack  of  a 
coordinated  IP!  effort  could  Ik*  detremental  to  the  research  and  develop- 
ment program,  since  the  ll'l  could  inadvertently  !>e  grosslv  over  or  under 
stated  in  the  11X2:. 


An  additional  and  directly  related  problem  of  mobilization  base 
requirements  (MRR)  exists.  I he  IPP  estimate  is  sensitive  to  MRR  or 
total  arrnin if  ion  quantity,  mix,  and  annual  acquisition  rate.  This 
quantitative  information  is  required  by  both  the  s vs ten  proponent  and 
the  III.  estimator  p.ror  to  IPOi-l.  Therefore,  a timely  and  coordinated 
' s essential  to  realistic  estimates  prepared  for  the  ASAKC 
and  DsAKi . Ibc  MRR  statement  significantly  affects  cost  elements  in  the 
investment  recurring  cost  category. 


. rr  1 ‘.S  recomended  that  the  appropriate  agencies  he  required  to 
.>!ail  and  resolve  the  problems  cited  above.  It  may  lx.*  ncccssarv  to 
establish  the  mobilization  plan  as  a requirement  for  completion  of  the 
decision  coordinating  paper. 

R.  I.CtflOMH:  ORDIiR  ^RNTI  IT  lil  TI  RMI.\.V[  |i)\ 

lol lowing  procurement  of  aimumition  to  fulfill  the  Authorized 
Acquisition  Objective  (AAO)  and  deplo>inont  of  the  user  system  to  the 
field,  consumption  and  replenisliment  of  the  training  and  practice 
.urriun i 1 1 on  inventory  occur  on  a continuing,  periodic  basis  to  nee* 
individual  and  unit  training  and  service  practice  requirements.  It 
is  because  of  the  long-term  demand  and  resulting  high-volume  procure- 
ment o!  the  latter  requirements  that  the  economics  of  order  quantities 
becomes  an  important  consideration.  Investigation  lias  revealed  that 
current  practice  remains  to  base  the  procurement  of  operating  armunition 
, inventory  drawdown,  budget  constraints,  or  both.  Thus,  to  a large 
degree,  the  determination  of  order  quantities  is  subjective  rather  than 
detominist  ic. 


Ammunition  experts  agree  that  amunition  storage  (inventory 
mamten.incc)  costs  can  represent  a significant  element  of  expense, 
storage  costs  can  be  reduced  by  maintaining  lower  average  levels 
of  inventory,  but  procurement  related  costs  incurred  by  more  frequent 
reordering  of  sm.il ler  quantities  tend  to  offset  the  reductions  obtained. 
Although  the  annua]  demand  or  consumption  rate  of  training  and  practice 
ammunition  may  he  relatively  precise,  the  procurement  pattern  can 

Preceding  page  blank 
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theoretically  range  from  annual  orders  to  meet  the  demand  rate  of 
procurement  of  the  full  life-cycle  requirement  in  one  order.  Hence, 
the  problem  is  to  achieve  a balance  between  procurement  related  and 
inventor)'  related  costs  by  means  of  varying  the  quantity  ordered. 

This  is  a classic  case  of  cost  minimization. 

A generalized  inventory  model,  based  on  relevant  sunrviry- level 
costs,  is  presented  below  to  illustrate  the  economic  order-size  concept. 
The  model  is  shown  graphically  in  figure  1.  The  cost  symbols  used 
arc  defined  as  follows: 

q = quantity  (number  of  rounds)  |>cr  order. 

I « inventory  related  cost;  i.e. , the  cost  of  holding  one  round 
in  inventory  for  a unit  of  time.  This  factor  may  include  the 
costs  incurred  in  the  provision  and  maintenance  of  storage 
facilities,  physical  maintenance  of  the  inventory,  and  losses 
caused  by  obsolescence  or  damage  experienced  over  time. 

T * total  time  over  which  the  training  and  practice  ammunition 
is  planned  for  procurement. 

Q = the  total  number  of  rounds  required  over  the  time  period  T. 

S ■=  procurement  related  cost;  i.e.,  the  indirect  cost  per  order 
incurred  each  time  an  order  is  procured  (excluding  price  per 
round).  This  factor  may  include  the  administrative  costs  to 
place  an  order,  the  production  setup  costs  per  order  and  the 
indirect  cost  of  production  breaks  (line  shutdown,  standby 
and  line  maintenance). 

1C  * total  relevant  cost;  i.e.,  the  sum  of  the  procurement  related 
and  inventory  relate*.!  costs  per  order. 

qm  = economic  order  quuit ity;  i.w. , the  order  quantity  at  which 
the  total  cost,  TC,  is  a minimum. 

C.iyen  that  Q rounds  are  required,  the  nunber  of  orders  placed  during 
time  T is  Q/q.  If  t is  the  time  interval  between  orders,  it  follows  that 

1.  t - T * Tq 

Q7q  Q 


Hie  model  assumes  that  q rounds  arc  in  inventory  at  the  beginning 
of  the  time  interval  t,  and  that  the  inventory  is  depleted  at  the  end 
of  the  interval.  Based  on  this  assumption,  the  average  inventory  level 
during  the  time  t is  q/2.  Hence,  the  inventory  related  cost  per  order 
is  the  average  inventory  level  multiplied  by  the  inventory  related  cost 
per  round  per  unit  of  time  multiplied  by  the  time  intorvai  t,  or 


2.  Inventor/  related  cost  per  order  = 0/2  It 

TT*‘  time*  interval  t can  be  expressed  in  terms  of  the  total  tire  T by 
substituting  the  right-hand  side  of  exjuatior  for  t in  equation  2. 

3.  Inventor/  related  cost  per  order  = n~  IT 

20 

The  total  inventory  related  costs  over  the  time  period  T is  determined 
by  multiplyina  the  cost  per  order  expiation  3 by  the  mirier  of  orders 
placed  over  time  T,  or  Q/q. 

2 

4.  Total  inventory  related  costs  = q ITO  IT  (q/2) 

2Cq 

Tlx*  total  procurement  related  cost  over  the  time  [<*riod  T is  the 
proeurtment  related  cost  per  order,  S,  times  the  nvirber  of  orders,  0/q. 

5.  Total  procurement  related  cost  = 5 fG/q) 

The  total  cost,  TC,  is  the  sun  of  the  total  inventory  related  cost, 
equation  4,  and  the  total  procurement  related  cost,  equation  5,  or 

6.  TC  = IT(q/2)  ♦ S (Q/q) 

The  two  right-hand  terns  ir.  the  total  cost  equation  art'  shewn  graphically 
in  Figure  1,  in  which  the  total  inventory  related  cost  increases  with  increases 
in  order  quantity  and  the  total  procurement  related  cost  decreases  with 
increases  in  order  quantity.  Graphically,  the  most  economic  order  quantity 
is  that  quantity  at  which  the  curves  for  these  costs  cress,  i.e.,  the 
minimur.  point  of  the  total  cost  curve.  Mathematically  this  quantity  can  be 
determined  by  the  process  of  differential  calculus,  in  which  the  first 
derivative  of  the  total  cost  equation  6 is  set  equal  to  zero.  As  a result 
of  this  process,  the  economic  order  size  is  determined  to  be 

7.  gm  = 2QF 

TI 

Models  of  the  foregoing  type  are,  for  presentation  purposes,  general  ir. 
nature  and  are  based  on  several  assumptions.  Tbe  model  described  assumed 
tie  following: 

a.  The  price  i<cr  round  is  independent  of  order  size,  and  can  be 
excluded  from  the  model.  To  the  extent  that  the  results  of  this  study 
indicate  that  learning  is  not  lost  during  production  breaks,  this  assumption 
is  true,  however,  other  affects  on  price,  such  as  inflation  or  quantity 


‘J6 
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discounts  for  material,  may  render  the  assmption  only  partially  true. 

b.  The  demand  rate  is  known  with  certainty  and  is  constant  over  tire  T 

c.  The  procurement  related  cost  per  order  is  constant. 

d.  The  inventory  related  cost  varies  linearly  with  the  level  cf 
average  inventory. 

e.  Procurement  leadtime  is  a constant;  i.e.,  stockouts  (or  depletion 
of  inventory'  below  a prescribed  level)  are  not  pernissable. 

f.  The  average  inventory  level  is  q/2  as  described  above. 

Inventory  node  Is  lihe  this  and  similar  to  this  are  developed  in  a 
variety  of  nonagiment  and  production  related  publications#  of  which 
reference  52  is  typical  However,  since  the  assurptions  on  which  such 
nodels  are  based  may  not  be  exact  in  practice,  and  the  relevant  costs 
in  a general  model  arc.1  not  explicitly  defined,  application  requires 
extensive  study  and  tailoring  to  accomodate  the  solution  of  actual 
inventory  problems.  Because  the  cost  penalty  of  subjective  order  quantity 
determination  may  be  significant  over  the  life  cycle  of  a giver,  family  of 
annunition,  it  is  reccrmended  that  a separate  study  be  considered  to: 

(1)  evaluate  the  feasibility’  of  procuring  training  and  practice 
armunitian  in  economic  order  quantities,  and  of  identifying  and  quantifying 
the  relevant  costs. 

(2)  develop  model  (s)  to  determine  the  economic  order  quantity  for 
specific  applications. 
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FIGURE 


1 VARIATION  OF  TOTAL  COST  WITH  ORDER  QUANTITY 
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